Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


/. 


.'•        'V   '   •     ;?/  ■',  ^' 


.1 


\; 


A   TREATISE 


HUMAN    PHYSIOLOGY; 


STUDENTS  AND  PRACTITIONERS  OF  MEDICINE. 


JOHN  C.  DALTON,  Je.,  M.D., 


Sfiiib  £biliitn,  $tbistk  sni  Snlargtlr. 


TV70  HUNDRED  AND  SEVENTY -THREE  ILLUSTRATIONS. 


PHILADELPHIA: 
BLANOHASD    AND    LEA. 

ise4. 


TO    MY    FATHER, 


JOHN  C.  DALTON,  M.D., 


iir 


HOMAGE    OF    HIS    LONG    AND    SUCOESSrUL    DEVOTION 


TO    THB 


SCIENCE  AND  ART  OF  MEDICINE, 


AWD    19 


GRATEFUL  RECOLLECTION  OF  HIS  PROFESSIONAL  PRECEPTS  AND  EXAMPLE, 


%Yi$  Vnhmt 


IS    RESPECTFULLY  AND  AFFECTIONATELY 


INSCRIBED. 


(    lli    ) 


PREFACE  TO  THE  THIRD  EDITION. 


In  the  present  edition  of  this  work,  the  general  plan  and  arrange- 
ment of  the  two  former  ones  are  retained.  The  improvements  and 
additions  which  have  been  introduced  consist  in  the  incorporation 
into  the  text  of  certain  new  facts  and  discoveries,  relating  mainly 
to  details,  which  have  made  their  appearance  within  the  last  three 
years.  Such  are  the  experiments  of  the  author  with  regard  to  the 
secretion  and  properties  of  the  parotid  saliva  in  the  human  subject, 
and  the  quantitative  analysis  of  this  fluid  by  Mr.  Perkins ;  the 
valuable  observations  of  Prof.  Austin  Flint,  Jr.,  on  Stercorine, 
Cholesterin,  and  the  effects  of  permanent  biliary  fistula,  and  those 
of  Prof.  Jeffries  Wyman  on  Fissure  of  Hare-lip  in  the  median 
line,  from  arrest  of  development.  Three  new  illustrations  have 
been  introduced,  one  of  which  (Fig.  183)  replaces  a  previous  one. 
The  author  is  much  indebted  to  his  friend.  Dr.  Foster  Swift,  for 
aid  in  carrying  the  work  through  the  press. 

New  York,  January,  1864. 


(V) 


; 


PREFACE  TO  THE  SECOND  EDITION. 


In  presenting  a  new  edition  of  this  work,  the  author  desires  to 
express  his  sincere  acknowledgments  to  his  professional  brethren 
for  the  very  favorable  manner  in  which  it  was  received  at  the 
time  of  its  first  appearance,  two  years  ago.  In  the  present  edition, 
the  author  has  endeavored  to  supply,  as  fully  as  possible,  the 
deficiencies  which,  he  is  well  aware,  existed  in  the  former  volume. 
Some  of  these  deficiencies  were  evident  to  his  own  mind,  while 
others  were  indicated  by  the  suggestions  of  judicious  criticism. 
These  suggestions,  accordingly,  have  been  adopted  in  all  cases  in 
which  they  appear  to  be  well  founded,  and  not  inconsistent  with 
the  general  plan  of  the  work.  In  those  instances,  on  the  other 
hand,  in  which  the  views  of  the  author  on  physiological  questions 
seemed  to  him  to  be  positively  sustained  by  the  results  of  observa- 
tion, he  has  retained  these  views  unchanged  in  the  present  edition. 
At  the  same  time,  he  has  abstained,  as  before,  from  the  lengthened 
discussion  of  theoretical  points,  and  has  purposely  avoided  even 
the  enumeration  of  new  experiments  and  observations,  wherever 
they  have  not  materially  affected  the  position  of  physiological 
doctrines;  for  in  a  work  like  the  present,  it  is  not  the  object  of 
the  writer  to  give  a  detailed  history  of  physiological  science,  but 
only  such  prominent  and  essential  points  in  its  development  as 
will  enable  the  reader  fully  to  comprehend  its  actual  condition  at 
the  present  time. 

The  principal  addhions  and  alterations  which  have  thus  been 
found  advisable  are: — 

First,  the  introduction  of  an  entire  chapter  devoted  to  the  con- 
sideration of  the  Special  Senses^  which  were  only  incidentally  treated 

of  in  the  former  edition. 
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Second,  the  re-arrangement  of  the  chapter  on  the  Oranial  Nerves, 
and  the  introduction  of  some  new  views  and  facts  in  regard  to  their 
physiology. 

Third,  an  account  of  some  new  experiments,  original  with  the 
author,  relating  to  the  function  of  the  Cerebellttm,  and  the  conclu- 
sions to  which  they  lead. 

Fourth,  certain  considerations  respecting  the  general  properties 
of  Sensation  and  Motion,  as  resident  in  the  nervous  system,  which 
are  important  as  an  introduction  to  the  more  detailed  study  of 
these  functions. 

Fifth,  the  introduction  of  a  chapter  on  Imbibition  and  Exhalation 
and  the  functions  of  the  Lymphatic  System;  including  the  study  of 
endosmosis  and  exosmosis,  and  their  mode  of  action  in  the  animal 
frame,  the  experiments  of  Dutrochet>  Chevreuil,  Gosselin,  Matteucci, 
and  others,  on  this  subject,  the  constitution  and  circulation  of  the 
lymph  and  chyle,  and,  finally,  a  quantitative  estimate  of  the  entire 
processes  of  exudation  and  reabsorption,  as  taking  place  in  the 
living  body. 

Additions  have  also  been  made,  in  various  parts,  to  the  chapters 
on  Secretion,  Excretion,  the  Circulation,  and  the  functions  of  the 
Digestive  Apparatus.  In  every  instance,  these  alterations  have 
been  incorporated  with  the  text  in  such  a  manner  as  to  avoid,  so 
far  as  possible,  increasing  unnecessarily  the  size  of  the  book. 

Twenty-two  new  and  original  illustrations  have  been  introduced 
into  the  present  volume,  of  which  number  five  replace  others  in 
the  former  edition,  which  were  regarded  as  imperfect,  either  in 
design  or  execution.    The  remaining  seventeen  are  additional 

It  is  hoped  that  the  above  alterations  and  additions  will  be  found 
to  be  improvements,  and  that  they  will  enable  the  work,  in  its  pre- 
sent form,  to  accomplish  more  fully  the  object  for  which  it  was 
designed. 

Kew  York,  February,  1861. 
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illastrations  are  indispensable  for  the  proper  understanding  of  the 
printed  descriptions;  the  latter  being  often  necessarily  somewhat 
intricate,  and  requiring  absolutely  the  assistance  of  properly 
arranged  figures  and  diagrams.  Of  the  two  hundred  and  fifty- 
four  illustrations  in  the  present  volume,  only  eleven  have  been 
borrowed  from  other  writers,  to  whom  they  will  be  found  duly 
credited  in  the  list  of  woodcuts. 

Of  the  remaining  illustrations,  prepared  expressly  for  the  pre- 
sent work,  the  drawings  of  anatomical  structures,  crystals,  and 
microscopic  views  generally  were  all  taken  from  nature.  The 
diagrams  were  arranged,  for  purposes  of  convenience,  in  such 
a  manner  as  to  illustrate  known  anatomical  or  physiological  ap- 
pearances, in  the  most  compact  and  intelligible  form. 

Physiological  questions  which  are  in  an  altogether  unsettled 
state,  as  well  as  purely  hypothetical  topics  have  been  purposely 
avoided,  as  not  coming  within  the  plan  of  this  work,  nor  as  calcu- 
lated to  increase  its  useMness. 

Niw  ToBK,  January  1, 1868. 
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HUMAN   PHYSIOLOGY. 


INTRODUCTION. 

I.  Physiology  is  the  study  of  the  phenomena  presented  by 
organized  bodies,  animal  and  vegetable. 

These  phenomena  are  different  from  those  presented  by  inorganic 
substances.  They  require,  for  their  production,  the  existence  of 
pecidiarly  formed  animal  and  vegetable  organisms,  as  well  as  the 
presence  of  various  external  conditions^  such  as  warmth,  light,  air, 
moisture,  &c. 

They  are  accordingly  more  complicated  than  the  phenomena  of 
the  inorganic  world,  and  require  for  their  study,  not  only  a  pre- 
vious acquaintance  with  the  laws  of  chemistry  and  physics,  but,  in 
addition,  a  careful  examination  of  other  characters  which  are  pecu- 
liar to  them. 

These  peculiar  phenomena,  by  which  we  so  readily  distinguish 
living  organisms  from  inanimate  substances,  are  called  Vital  pheno- 
mena, or  the  phenomena  of  Life.  Physiology  consequently  includes 
the  study  of  all  these  phenomena,  in  whatever  order  or  species  of 
organized  body  they  may  originate. 

We  find,  however,  upon  examination,  that  there  are  certain 
general  characters  by  which  the  vital  phenomena  of  vegetables 
resemble  each  other,  and  by  which  they  are  distinguished  from  the 
vital  phenomena  of  animals.  Thus,  vegetables  absorb  carbonic 
acid,  and  exhale  oxygen ;  animals  absorb  oxygen,  and  exhale  car- 
bonic acid.  Vegetables  nourish  themselves  by  the  absorption  of 
unorganized  liquids  and  gases,  as  water,  ammonia,  saline  solutions, 
&c.;  animals  require  for  their  support  animal  or  vegetable  sub- 
stances as  food,  such  as  meat,  fruits,  milk,  Ac.  Physiology,  then, 
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is  naturally  divided  into  two  parts,  viz.,  Vegetable  Physiology,  and 
Animal  Physiology. 

Again,  the  different  groups  and  species  of  animals,  while  they 
resemble  each  other  in  their  general  characters,  are  distinguished 
by  certain  minor  differences,  both  of  structure  and  function,  which 
require  a  special  study.  Thus,  the  physiology  of  fishes  is  not 
exactly  the  same  with  that  of  reptiles,  nor  the  physiology  of  birds 
with  that  of  quadrupeds.  Among  the  warm-blooded  quadrupeds, 
the  carnivora  absorb  more  oxygen,  in  proportion  to  the  carbonic 
acid  exhaled,  than  the  herbivora.  Among  the  herbivorous  quad- 
rupeds, the  process  of  digestion  is  comparatively  simple  in  the 
horse,  while  it  is  complicated  in  the  ox,  and  other  ruminating  ani- 
mals. There  is,  therefore,  a  special  physiology  for  every  distinct 
species  of  animal. 

Human  Physiology  treats  of  the  vital  phenomena  of  the  human 
species.  It  is  more  practically  important  than  the  physiology  of 
the  lower  animals,  owing  to  its  connection  with  human  pathology 
and  therapeutics.  But  it  cannot  be  made  the  exclusive  subject  of 
our  study ;  for  the  special  physiology  of  the  human  body  cannot 
be  properly  understood  without  a  previous  acquaintance  with  the 
vital  phenomena  common  to  all  animals,  and  to  all  vegetables; 
beside  which,  there  are  many  physiological  questions  that  require 
for  their  solution  experiments  and  observations^  which  can  only  be 
made  upon  the  lower  animals.. 

While  the  following  treatise,  therefore,  has  for  its  principal  sub- 
ject the  study  of  Human  Physiology,  this  will  be  illustrated,  when- 
ever it  may  be  required,  by  what  we  know  in  regard  to  the  vital 
phenomena  of  vegetables  and  of  the  lower  animals. 

II.  Since  Physiology  is  the  study  of  the  active  phenomena  of 
living  bodies,  it  requires  a  previous  acquaintance  with  their  struc- 
ture, and  with  the  substances  of  which  they  are  composed;  that  is, 
with  their  anatomy. 

Anatomy,  again,  requires  a  previous  acquaintance  with  inorganic 
substances ;  since  some  of  these  inorganic  substances  enter  into  the 
composition  of  the  body.  Chloride  of  sodium,  for  example,  water, 
and  phosphate  of  lime,  are  component  parts  of  the  animal  frame, 
and  therefore  require  to  be  studied  as  such  by  the  anatomist. 
Now  these  inorganic  substances,  when  placed  under  the  requisite 
external  conditions,  present  certain  active  phenomena,  which  are 
characteristic  of  them,  and  by  which   they  may  be  recognized. 
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Thus  lime,  dissolved  in  water,  if  brought  into  contact  with  car- 
bonic acid,  alters  its  condition,  and  takes  part  in  the  formation  of 
an  insoluble  substance,  carbonate  of  lime,  which  is  thrown  down 
as  a  deposit.  A  knowledge  of  such  chemical  reactions  as  these  is 
necessary  to  the  anatomist,  since  it  is  by  them  that  he  is  enabled  to 
recognize  the  inorganic  substances,  forming  a  part  of  the  animal 
body. 

It  is  important  to  observe,  however,  that  a  knowledge  of  these 
reactions  is  necessary  to  the  anatomist  only  in  order  to  enable  him 
to  judge  of  the  presence  or  absence  of  the  inorganic  substances  to 
which  they  belong.  It  is  the  object  of  the  anatomist  to  make  him- 
self acquainted  with  every  constituent  part  of  the  body.  Those 
parts,  therefore,  which  cannot  be  recognized  by  their  form  and 
texture,  he  distinguishes  by  their  chemical  reactions.  But  after- 
ward, he  has  no  occasion  to  decompose  them  further,  or  to  make 
them  enter  into  new  combinations ;  for  he  only  wishes  to  know 
these  substances  aa  they  exist  in  the  body,  and  not  as  they  may  exist 
under  other  conditions. 

The  unorganised  substances  which  exist  in  the  body  as  compo- 
nent parts  of  its  structure,  such  as  chloride  of  aodium,  water,  phos- 
phate of  lime,  &c.,  are  called  the  proximcUe  principles  of  the  body. 
Mingled  together  in  certain  proportions,  they  make  up  the  animal 
fluids,  and  associated  also  in  a  solid  form,  they  constitute  the  tissues 
and  organs,  and  in  this  way  make  up  the  entire  frame. 

Anatomy  makes  us  acquainted  with  all  these  component  parts  of 
the  body,  both  solid  and  fluid.  It  teaches  us  the  structure  of  the 
body  in  a  state  of  rest;  that  is,  just  as  it  would  be  after  life  had 
suddenly  ceased,  and  before  putrefaction  had  begun.  On  the  other 
hand.  Physiology  is  a  description  of  the  body  in  a  state  of  activity. 
It  shows  us  its  movements,  its  growth,  its  reproduction,  and  the 
chemical  changes  which  go  on  in  its  interior ;  and  in  order  to  com- 
prehend these,  we  must  know,  beforehand,  its  entire  mechanical, 
textural,  and  chemical  structure. 

It  is  evident,  therefore,  that  the  description  of  the  j^foximate  prin- 
ciples, or  the  chemical  substances  entering  into  the  constitution  of 
the  body,  is,  strictly  speaking,  a  part  of  Anatomy.  But  there  are 
many  reasons  why  this  study  is  more  conveniently  pursued  in  con- 
nection with  Physiology;  for  some  of  the  proximate  principles  are 
derived  directly,  as  we  shall  hereafter  show,  from  the  external  world, 
and  some  are  formed  from  the  elements  of  the  food  in  the  process 
of  digestion ;  while  most  of  them  undergo  certain  changes  in  the 
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interior  of  the  body,  which  result  in  the  formation  of  new  sub- 
stances ;  all  these  active  phenomena  belonging  necessarily  to  the 
domain  of  Physiology. 

The  description  of  the  proximate  principles  of  animals  and  vege- 
tables will  therefore  be  introduced  into  the  following  pages. 

The  description  of  the  minute  structures  of  the  body,  or  Micro- 
scopic  Anatomy^  is  also  so  closely  connected  with  some  parts  of  Phy- 
siology as  to  make  it  convenient  to  speak  of  them  together ;  and 
this  will  accordingly  be  done,  whenever  the  nature  of  the  subject 
may  make  it  desirable. 

ni.  The  study  of  Physiology,  like  that  of  all  the  other  natural 
sciences,  is  a  study  of  phenomena,  and  of  phenomena  alone.  The 
essential  nature  of  the  vital  processes,  and  their  ultimate  causes, 
are  questions  which  are  beyond  the  reach  of  the  physiologist,  and 
cannot  be  determined  by  the  means  of  investigation  which  are  at 
his  disposal. 

Consequently,  all  efforts  to  solve  them  will  only  serve  to  mislead 
the  investigator,  and  to  distract  his  attention  from  the  real  subject 
of  examination.  Much  time  has  been  lost,  for  example,  in  discuss- 
ing the  probable  reason  why  menstruation  returns,  in  the  human 
female,  at  the  end  of  every  four  weeks.  But  the  observation  of 
nature,  which  is  our  only  means  of  scientific  investigation,  cannot 
throw  any  light  on  this  point,  but  only  shows  us  the  fact  that  men- 
struation does  really  occur  at  the  above  periods,  together  with  the 
phenomena  which  accompany  it>  and  the  conditions  under  which  it 
is  hastened  or  retarded,  and  increased  or  diminished,  in  intensity, 
duration,  &c.  If  we  employ  ourselves,  consequently,  in  the  discus- 
sion of  the  reason  above  mentioned,  we  shall  only  become  involved 
in  a  network  of  hypothetical  surmises,  which  can  never  lead  to  any 
definite  result.  Our  time,  therefore,  will  be  much  more  profitably 
devoted  to  the  study  of  the  above  phenomena,  which  can  be  learned 
from  nature,  and  which  constitute  afterward,  a  permanent  acquisi- 
tion. 

The  physiologist,  accordingly,  confines  himself  strictly  to  the 
study  of  the  vital  phenomena,  their  characters,  their  frequency, 
their  regularity  or  irregularity,  and  the  conditions  under  which 
they  originate. 

When  he  has  discovered  that  a  certain  phenomenon  always  takes 
place  in  the  presence  of  certain  conditions,  he  has  established  what 
is  called  a  general  principle,  or  a  Law  of  Physiology. 
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As,  for  example,  when  he  has  ascertained  that  sensation  and 
motion  occupy  distinct  situations  in  every  part  of  the  nervous 
system. 

This  "  Law,"  however,  it  must  be  remembered,  is  not  a  discovery 
by  itself,  nor  does  it  give  him  any  new  information,  but  is  simply 
the  expression,  in  convenient  and  comprehensive  language,  of  the 
facts  with  which  he  was  already  previously  acquainted.  It  is  very 
dangerous^  therefore,  to  make  these  laws  or  general  principles  the 
subjects  of  our  study  instead  of  the  vital  phenomena,  or  to  suppose 
that  they  have  any  value,  except  as  the  expression  of  previously 
ascertained  facts.  Such  a  misconception  would  lead  to  bad  prac- 
tical results.  For  if  we  were  to  observe  a  phenomenon  in  discord- 
ance with  a  "  law"  or  "  principle,"  we  might  be  led  to  neglect  or 
misinterpret  the  phenomenon,  in  order  to  preserve  the  law.  But 
this  would  be  manifestly  incorrect.  For  the  law  is  not  superior  to 
the  phenomenon,  but>  on  the  contrary,  depends  upon  it,  and  derives 
its  whole  authority  from  it.  Such  mistakes,  however,  have  been 
repeatedly  made  in  Physiology,  and  have  frequently  retarded  its 
advance. 

rV.  There  is  only  one  means  by  which  Physiology  can  be 
studied :  that  is,  the  observation  of  nature.  Its  phenomena  cannot 
be  reasoned  out  by  themselves,  nor  inferred,  by  logical  sequence, 
form  any  original  principles,  nor  from  any  other  set  of  phenomena 
whatever. 

In  Mathematics  and  Philosophy,  on  the  other  hand,  certain  truths 
are  taken  for  granted,  or  perceived  by  intuition,  and  the  remainder 
afterward  derived  from  them  by  a  process  of  reasoning.  But  in 
Physiology,  as  in  all  the  other  natural  sciences,  there  is  no  such 
starting  point,  and  it  is  impossible  to  judge  of  the  character  of  a 
phenomenon  until  after  it  has  been  observed.  Thus,  the  only  way 
to  learn  what  action  is  exerted  by  nitric  acid  upon  carbonate  of 
soda  is  to  put  the  two  substances  together,  and  observe  the  changes 
which  take  place ;  for  there  is  nothing  in  the  general  characters  of 
these  two  substances  which  could  guide  us  in  anticipating  the  result. 

Neither  can  we  infer  the  truths  of  Physiology  from  those  of 
Anatomy,  nor  the  truths  of  one  part  of  Physiology  from  those  of 
another  part ;  but  all  must  be  ascertained  directly  and  separately 
by  observation. 

For,  although  one  department  of  natural  science  is  almost  always 
a  necessary  preliminary  to  the  study  of  another,  yet  the  facts  of 
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the  latter  can  never  be  in  the  least  degree  inferred  from  those  of  the 
former,  but  must  be  studied  by  themselves. 

Thus  Chemistry  is  essential  to  Anatomy,  because  certain  sub- 
stances, as  we  have  already  shown,  belonging  to  Chemistry,  such 
as  chloride  of  sodium,  occur  as  constituents  of  the  animal  body. 
Chemistry  teaches  us  the  composition,  reactions,  mode  of  crystal- 
lization, solubility,  &c.,  of  chloride  of  sodium ;  and  if  we  did  not 
know  these,  we  could  not  extract  it,  or  recognize  it  when  extracted 
from  the  body.  But,  however  well  we  might  know  the  chemistry 
of  this  substance,  we  could  never,  on  that  account,  infer  its  presence 
in  the  body  or  otherwise,  nor  in  what  quantities  nor  in  what  situa- 
tions it  would  present  itself.  These  facts  must  be  ascertained  for 
themselves,  by  direct  investigation,  as  a  part  of  anatomy  proper. 

So,  again,  the  structure  of  the  body  in  a  state  of  rest,  or  its 
anatomy,  is  to  be  first  understood ;  but  its  active  phenomena  or  its 
physiology  must  then  be  ascertained  by  direct  observation  and 
experiment.  The  most  intimate  knowledge  of  the  minute  struc- 
ture of  the  muscular  and  nervous  fibres  could  not  teach  us  any- 
thing of  their  physiology.  It  is  only  by  experiment  that  we 
ascertain  one  of  them  to  be  contractile,  the  other  sensitive. 

Many  of  the  phenomena  of  life  are  chemical  in  their  character, 
and  it  is  requisite,  therefore,  that  the  physiologist  know  the  ordi- 
nary chemical  properties  of  the  substances  composing  the  animal 
frame.  But  no  amount  of  previous  chemical  knowledge  will 
enable  him  to  foretell  the  reactions  of  any  chemical  substance  in 
the  interior  of  the  body;  because  the  peculiar  conditions  under 
which  it  is  there  placed  modify  these  reactions,  as  an  elevation  or 
depression  of  temperature,  or  other  external  circumstance,  might 
modify  them  outside  the  body. 

We  must  not,  therefore,  attempt  to  deduce  the  chemical  phe- 
nomena of  physiology  from  any  previously  established  facts,  since 
these  are  no  safe  guide ;  but  must  study  them  by  themselves,  and 
depend  for  our  knowledge  of  them  upon  direct  observation  alone. 

V.  By  the  term  Vital  phenomena,  we  mean  those  phenomena 
which  are  manifested  in  the  living  body,  and  which  are  character- 
istic of  its  functions. 

Some  of  these  phenomena  are  physical  or  mechanical  in  their 
character;  as,  for  example,  the  play  of  the  articulating  surfaces 
upon  each  other,  the  balancing  of  the  spinal  column  with  its  ap- 
pendages, the  action  of  the  elastic  ligaments.    Nevertheless,  these 
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phenomena,  though  strictly  physical  in  character,  are  often  entirely 
peculiar  and  different  from  those  seen  elsewhere,  because  the  me- 
chanism of  their  production  is  peculiar  in  its  details.  Thus  the 
human  voice  and  its  modulations  are  produced  in  the  larynx,  i^ 
accordance  with  the  general  physical  laws  of  sound;  but  the 
arrangement  of  the  elastic  and  movable  vocal  chords,  and  their 
relations  with  the  columns  of  air  above  and  below,  the  moist  and 
flexible  mucous  membrane,  and  the  contractile  muscles  outside,  are 
of  such  a  special  character  that  the  entire  apparatus^  as  well  as  the 
sounds  produced  by  it,  is  peculiar ;  and  its  action  cannot  be  properly 
compared  with  that  of  any  other  known  musical  instrument. 

In  the  same  manner,  the  movements  of  the  heart  are  so  compli- 
cated and  remarkable  that  they  cannot  be  comprehended,  even  by 
onjd  who  is  acquainted  with  the  anatomy  of  the  organ,  without  a 
direct  examination.  This  is  not  because  there  is  anything  essen- 
tially obscure  or  mysterious  in  their  nature,,  for  they  are  purely 
mechanical  in  character ;  but  because  their  conditions  are  so  pecu- 
liar, owing  to  the  tortuous  course  of  the  muscular  fibres,  their 
arrangement  in  interlacing  layers,  their  attachments  and  relations, 
that  their  combined  action  produces  an  efiect  altogether  peculiar, 
and  one  which  is  not  similar  to  anything  outside  the  living  body. 

A  very  large  and  important  class  of  the  vital  phenomena  are 
those  of  a  chemical  character.  It  is  one  of  the  characteristics  of 
living  bodies  that  a  succession  of  chemical  actions,  combinations 
and  decompositions,  is  constantly  going  on  in  their  interior.  It  ia 
one  of  the  necessary  conditions  of  the  existence  of  every  animal 
and  every  vegetable,  that  it  should  constantly  absorb  various  sub- 
stances from  withouty  which  undergo  different  chemical  alterations 
in  its  interior,  and  are  finally  discharged  from  it  under  other  forms. 
K  these  changes  be  prevented  from  taking  place,  life  is  immediately 
extinguished.  Thus  animals  constantly  absorb,  on  the  one  hand, 
water,  oxygen,  salts,  albumen,  oil,  sugar,  &c.,  and  give  up,  on  the 
other  hand,  to  the  surrounding  media,  carbonic  acid,  water,  ammonia, 
urea,  and  the  like ;  while  between  these  two  extreme  points,  of  ab- 
sorption and  exhalation,  there  take  place  a  multitude  of  different 
transformations  which  are  essential  to  the  continuance  of  life. 

Some  of  these  chemical  actions  are  the  same  with  those  which 

are  seen  outside  the  body ;  but  most  of  them  are  entirely  peculiar, 

and  do  not  take  place,  and  cannot  be  made  to  take  place,  anywhere 

else.    This,  again,  is  not  because  there  ia  anything  particularly 

mysterious  or  extraordinary  in  their  na/ure,  but  because  the  con- 
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ditions  necessary  for  their  accomplishment  exist  in  the  body;  and 
do  not  exist  elsewhere.  All  chemical  phenomena  are  liable  to  be 
modified  by  surrounding  conditions.  Many  reactions,  for  example, 
which  will  take  place  at  a  high  temperature,  will  not  take  place  at 
a  low  temperature,  and  vice  versd.  Some  will  take  place  in  the  light, 
but  not  in  the  dark ;  others  will  take  place  in  the  dark,  but  not  in 
the  light.  If  a  hot  Concentrated  solution  of  sulphate  of  soda  be 
allowed  to  cool  in  contact  with  the  atmosphere,  it  crystallizes; 
covered  with  a  film  of  oil,  it  remains  fluid.  Because  a  chemical 
reaction,  therefore,  takes  place  under  one  set  of  conditions,  we  can- 
not be  at  all  sure  that  it  will  also  take  place  under  others,  which 
are  different 

The  chemical  conditions  of  the  living  body  are  exceedingly  com- 
plicated. In  the  animal  solids  and  fluids  there  are  many  substances 
mingled  together  in  varying  quantities,  which  modify  or  interfere 
with  each  other's  reactions.  New  substances  are  constantly  entering 
by  absorption,  and  old  ones  leaving  by  exhalation;  while  the  circu- 
lating fluids  are  constantly  passing  from  one  part  of  the  body  to 
another,  and  coming  in  contact  with  different  organs  of  difierent 
texture  and  composition.  All  these  conditions  are  peculiar,  and  so 
modify  the  chemical  actions  taking  place  in  the  body,  that  they  are 
unlike  those  met  with  anywhere  else. 

If  starch  and  iodine  be  mingled  together  in  a  watery  solution, 
they  unite  with  each  other,  and  strike  a  deep  opaque  blue  color ; 
but  if  they  be  mingled  in  the  blood,  no  such  reaction  takes  place, 
because  it  is  prevented  by  the  presence  of  certain  organic  substances 
which  interfere  with  it. 

If  dead  animal  matter  be  exposed  to  warmth,  air,  and  moisture, 
it  putrefies ;  but  if  introduced  into  the  living  stomach,  even  after 
putrefaction  has  commenced,  this  process  is  arrested,  because  the 
fluids  of  the  stomach  cause  the  animal  substance  to  undergo  a 
peculiar  transformation  (digestion),  after  which  the  bloodvessels 
immediately  remove  it  by  absorption.  There  are  also  certain  sub- 
stances which  make  their  appearance  in  the  living  body,  both  of 
animals  and  vegetables,  and  which  cannot  be  formed  elsewhere ; 
such  as  fibrin,  albumen,  casein,  pneumic  acid,  the  biliary  salts,  mor- 
phine, &o.  These  substances  cannot  be  manufactured  artificially, 
simply  because  the  necessary  conditions  cannot  be  imitated.  They 
require  for  their  production  the  presence  of  a  living  organism. 

The  chemical  phenomena  of  the  living  body  are,  therefore,  not 
different  in  their  nature  from  any  other  chemical  phenomena ;  but 
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they  are  different  in  their  conditions  and  in  their  results,  and  are 
consequently  peculiar  and  characteristic. 

Another  set  of  vital  phenomena  are  those  which  are  manifested 
in  the  processes  of  reproduction  and  development  They  are  again 
entirely  distinct  from  any  phenomena  which  are  exhibited  by 
matter  not  endowed  with  life.  An  inorganic  substance,  even  when 
it  has  a  definite  form,  asL  for  example,  a  crystal  of  fluor  spar,  has 
BO  particular  relatiou  to  any  sixnilar  form  which  has  preened,  or 
any  other  which  is  to  follow  it  On  the  other  hand,  every  animal 
and  every  vegetable  owes  its  origin  to  preceding  animals  or  vege- 
tables of  the  same  kind ;  and  the  manner  in  which  this  production 
takes  place,  and  the  different  forms  through  which  the  new  body 
successively  passes  in  the  course  of  its  development,  constitute  the 
phenomena  of  reproduction.  These  phenomena  are  mostly  depend* 
ent  on  the  chemical  processes  of  nutrition  and  growth,  which  take 
place  in  a  particular  direction  and  in  a  particular  manner ;  but  their 
results,  viz.,  the  production  of  a  connected  series  of  different  forms, 
constitute  a  separate  class  of  phenomena,  which  cannot  be  explained 
in  any  manner  by  the  preceding,  and  require,  therefore;  to  be  studied 
by  themselves. 

Another  set  of  vital  phenomenal  are  those  which  belong  to  the 
nervous  system.  These,  like  the  processes  of  reproduction  and 
development,  depend  on  the  chemical  changes  of  nutrition  and 
growth.  That  is  to  say,  if  the  nutritive  processes  did  not  go  on  in 
a  healthy  manner,  and  maintain  the  nervous  system  in  a  healthy 
condition,  the  peculiar  phenomena  which  are  characteristic  of  it 
could  not  take  place.  The  nutritive  processes  are  necessary  condi- 
tions of  the  nervous  phenomena.  But  there  is  no  other  connection 
between  them ;  and  the  nervous  phenomena  themselves  are  distinct 
from  all  others,  both  in  their  nature  and  in  the  mode  in  which  they 
are  to  be  studied. 

A  troublesome  confusion  might  arise  if  we  were  to  neglect  the 
distinction  that  really  exists  between  these  different  sets  of  phe- 
nomena, and  confound  them  together  under  the  expectation  of 
thereby  simplifying  our  studies.  Since  this  can  only  be  done  by 
overlooking  real  points  of  difference,  its  effect  will  merely  be  to 
introduce  erroneous  ideas  and  suggest  unfounded  similarities,  and 
will  therefore  inevitably  retard  our  progress  instead  of  advancing  it. 

It  has  been  sometimes  maintained,  for  example,  that  all  the  vital 
phenomena,  those  of  the  nervous  system  included,  are  to  be  reduced 
to  the  chemical  changes  of  nutrition,  and  that  these  again  are  to  be 
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regarded  as  not  at  all  diflFerent  in  any  respect  from  the  ordinary 
chemical  changes  taking  place  outside  the  body.  This,  however, 
is  not  only  erroneous  in  theory,  but  conduces  also  to  a  vicious 
mode  of  study.  For  it  draws  away  our  attention  from  the  phe- 
nomena themselves  and  their  real  characteristics,  and  leads  us  to 
deduce  one  set  of  phenomena  from  what  we  know  of  another ;  a 
method  which  we  have  already  shown  to  be  unsafe  and  pernicious. 
It  has  also  been  asserted  that  the  phenomena  of  the  nervous 
system  are  identical  with  those  of  electricity ;  for  no  other  reason 
than  that  there  exist  between  them  certain  general  resemblances. 
But  when  we  examine  the  phenomena  in  detail,  we  find  that,  beside 
these  general  resemblances,  there  are  many  essential  points  of  dis- 
similarity, which  must  be  suppressed  and  kept  out  of  sight  in  order 
to  sustain  the  idea  of  the  assumed  identity.  This  assumption  is 
consequently  a  forced  and  unnatural  one,  and  the  simplicity  which 
it  was  intended  to  introduce  into  our  physiological  theories  is 
imaginary  and  deceptive,  and  is  attained  only  by  sacrificing  a  part 
of  those  scientific  truths,  which  are  alone  the  real  object  of  our 
study.  We  should  avoid,  therefore,  making  any  such  unfounded 
comparisons ;  for  the  theoretical  simplicity  which  results  from  them 
does  not  compensate  for  the  loss  of  essential  scientific  details. 

VI.  The  study  of  Physiology  is  naturally  divided  into  three  dis- 
tinct Sections : — 

The  first  of  these  includes  everything  which  relates  to  the  Nutri- 
tion of  the  body  in  its  widest  sense.  It  comprises  the  history  of 
the  proximate  principles,  their  source,  the  manner  of  their  produc- 
tion, the  proportions  in  which  they  exist  in  diflFerent  kinds  of  food 
and  drink,  the  processes  of  digestion  and  absorption,  and  the  con- 
stitution of  the  circulating  fiuids ;  then  the  physical  phenomena  of 
the  circulation  and  the  forces  by  which  it  is  accomplished;  the 
changes  which  the  blood  undergoes  in  diflFerent  parts  of  the  body ; 
all  the  phenomena,  both  physical  and  chemical,  of  respiration ;  those 
of  secretion  and  excretion,  and  the  character  and  destination  of  the 
secreted  and  excreted  fluids.  All  these  processes  have  reference  to 
a  common  object,  viz.,  the  preservation  of  the  internal  structure  and 
healthy  organization  of  the  individual.  With  certain  modifications, 
they  take  place  in  vegetables  as  well  as  in  animals,  and  are  conse- 
quently known  by  the  name  of  the  vegetative  functions. 

The  Second  Section,  in  the  natural  order  of  study,  is  devoted  to 
the  phenomena  of  the  Nervous  System.    These  phenomena  are 
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not  exhibited  by  vegetables,  but  belong  exclusively  to  animal  or- 
ganizations. They  bring  the  animal  body  into  relation  with  the 
external  world,  and  preserve  it  from  external  dangers,  by  means  of 
sensation,  movement,  consciousness,  and  volition.  They  are  more 
particularly  distinguished  by  the  name  of  the  animal  functions. 

Lastly  comes  the  study  of  the  entire  process  of  Reproduction. 
Its  phenomena,  again,  with  certain  modifications,  are  met  with  in 
both  animals  and  vegetables ;  and  might,  therefore,  with  some  pro- 
priety, be  included  under  the  head  of  vegetative  functions.  But 
their  distinguishing  peculiarity  is,  that  they  have  for  their  object 
the  production  of  new  organisms,  which  take  the  place  of  the  old 
and  remain  after  they  have  disappeared.  These  phenomena  do 
not,  therefore,  relate  to  the  preservation  of  the  individual,  but  to 
that  of  the  species;  and  any  study  which  concerns  the  species 
comes  properly  after  we  have  finished  everything  relating  to  the 
individual. 
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up  of  minute  bodies,  of  definite  size  and  figure,  whicli  are  so  small 
as  to  be  invisible  to  the  naked  eye,  and  which,  after  separation 
from  each  other,  cannot  be  further  subdivided  without  destroying 
their  organization.  They  are,  therefore,  called  "anatomical  ele- 
ments." Thus,  in  the  liver,  they  are  hepatic  cells,  capillary  blood- 
vessels, the  fibres  of  Glisson's  capsule,  and  the  ultimate  filaments 
of  the  hepatic  nerves.  Lastly,  two  or  more  kinds  of  anatomical 
elements,  interwoven  with  each  other  in  a  particular  manner,  form 
a  "tissue."  Adipose  vesicles,  with  capillaries  and  nerve  tubes, 
form  adipose  tissue.  White  fibres  and  elastic  fibres,  with  capillaries 
and  nerve  tubes,  form  areolar  tissue.  Thus  the  solid  parts  of  the 
entire  body  are  made  up  of  anatomical  elements,  tissues,  organs, 
systems,  and  apparatuses.  Every  organized  frame,  and  even  every 
apparatus,  every  organ,  and  every  tissue,  is  made  up  of  different 
parts,  variously  interwoven  and  connected  with  each  other,  and  it 
is  this  character  which  constitutes  its  organization: 

But  beside  the  above  solid  forms,  there  are  also  certain  fluids, 
which  are  constantly  present  in  various  parts  of  the  body,  and  which, 
from  their  peculiar  constitution,  are  termed  "  animal  fluids."  These 
fluids  are  just  as  much  an  essential  part  of  the  body  as  the  solids. 
The  blood  and  the  lymph,  for  example,  the  pericardial  and  synovial 
fluids,  the  saliva,  which  always  exists  more  or  less  abundantly  in 
the  ducts  of  the  parotid  gland,  the  bile  in  the  biliary  ducts  and  the 
gall-bladder :  all  these  go  to  make  up  the  entire  body,  and  are  quite 
as  necessary  to  its  structure  as  the  muscles  or  the  nerves.  Now,  if 
these  fluids  be  examined,  they  are  found  to  be  made  up  of  many 
different  substances,  which  are  mingled  together  in  certain  propor- 
tions; these  proportions  being  constantly  maintained  at  or  about 
the  same  standard  by  the  natural  processes  of  nutrition.  Such  a 
fluid  is  termed  an  organizing  fluid.  It  is  organized  by  virtue  of  the 
numerous  ingredients  which  enter  into  its  composition,  and  the 
regular  proportions  in  which  these  ingredients  are  maintained. 
Thus  in  the  plasma  of  the  blood,  we  have  albumen,  fibrin,  water, 
chlorides,  carbonates,  phosphates,  &c.  In  the  urine,  we  find  water, 
urea,  urate  of  soda,  creatine,  creatinine,  coloring  matter,  salts,  &c. 
These  substances,  which  are  mingled-  together  so  as  to  make  up,  in 
each  instance,  by  their  intimate  union,  a  homogeneous  liquid,  are 
called  the  proximate  principles  of  the  animal  fluid. 

In  the  solids,  furthermore,  even  in  those  parts  which  are  appa- 
rently homogeneous,  there  is  the  same  mixture  of  different  ingre- 
dients.   In  the  hard  substance  of  bone,  for  example,  there  is,  first 
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vrater,  which  may  be  expelled  by  evaporation ;  second,  phosphate 
and  carbonate  of  lime,  which  may  be  extracted  by  the  proper  sol- 
vents ;  third,  a  peculiar  animal  matter,  with  which  these  calcareous 
salts  are  in  union ;  and  fourth,  various  other  saline  substances,  in 
special  proportions.  In  the  muscular  tissue,  there  is  chloride  of 
potassium,  lactic  acid,  water,  salts,  albumen,  and  an  animal  matter 
termed  musculine.  The  difference  in  consistency  between  the  solids 
and  fluids  does  not^  therefore,  indicate  any  radical  difference  in  their 
constitution.  Both  are  equally  made  up  of  proximate  principles, 
mingled  together  in  various  proportions. 

It  is  important  to  understand,  however,  exactly  what  are  proxi- 
mate principles,  and  what  are  not  such ;  for  since  these  principles 
are  extracted  from  the  animal  solids  and  fluids,  and  separated  &om 
each  other  by  the  help  of  certain  chemical  manipulations,  such  as 
evaporation,  solution,  crystallization,  and  the  like,  it  might  be  sup- 
posed that  every  substance  which  could  be  extracted  from  an  organ- 
ized solid  or  fluid,  by  chemical  means,  should  be  considered  as  a 
proximate  principle.  That,  however,  is  not  the  case.  A  proximate 
principle  is  properly  defined  to  be  any  substancey  tuhellier  simple  or 
compound,  chemically  speaking,  which  exists,  under  its  own  form,  in  the 
animal  solid  or  fluid,  and  which  can  be  extracted  by  means  which  do 
not  alter  or  destroy  its  chemical  properties.  Phosphate  of  lime,  for 
example,  is  a  proximate  principle  of  bone,  but  phosphoric  acid  is 
not  so,  since  it  does  not  exist  as  such  in  the  bony  tissue,  but  is 
produced  only  by  the  decomposition  of  the  calcareous  salt ;  still 
less  phosphorus,  which  is  obtained  only  bv  the  decomposition  of 
the  phosphoric  acid. 

Proximate  principles  may,  in  fact,  be  said  to  exist  in  all  solids  or 
fluids  of  mixed  composition,  and  may  be  extracted  &om  them  by 
the  same  means  as  in  the  case  of  the  animal  tissues  or  secretions. 
Thus,  in  a  watery  solution  of  sugar,  we  have  two  proximate  prin- 
ciplesy  viz :  first,  the  water,  and  second,  the  sugar.  The  water  may 
be  separated  by  evaporation  and  condensation,  after  which  the 
sugar  remains  behind,  in  a  crystalline  form.  These  two  substances 
have,  therefore,  been  simply  separated  from  each  other  by  the  pro- 
cess of  evaporation.  They  have  not  been  decomposed,  nor  their 
chemical  properties  altered.  On  the  other  hand,  the  oxygen  and 
hydrogen  of  the  water  were  not  proximate  principles  of  the  original 
solution,  and  did  not  exist  in  it  under  their  own  forms,  but  only  in 
a  state  of  combination ;  forming,  in  this  condition,  a  fluid  substance 
(water),  endowed  with  sensible  properties  entirely  different  from 
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theirs.  If  we  wish  to  ascertain,  accordingly,  the  nature  and  proper- 
ties of  a  saccharine  solution,  it  will  afford  us  but  little  satisfaction  to 
extract  its  ultimate  chemical  elements ;  for  its  nature  and  properties 
depend  not  so  much  on  the  presence  in  it  of  the  ultimate  elements, 
oxygen,  hydrogen,  and  carbon,  as  on  the  particular  forms  of  com- 
bination, viz.,  water  and  sugar,  under  which  they  are  present. 

It  is  very  essential,  therefore,  that  in  extracting  the  proximate 
principles  from  the  animal  body,  only  such  means  should  be  adopted 
as  will  isolate  the  substances  already  existing  in  the  tissues  and 
fluids,  without  decomposing  them,  or  altering  their  nature.  A 
neglect  of  this  rule  has  been  productive  of  much  injury  in  the  pur- 
suit of  organic  chemistry ;  for  chemists,  in  subjecting  the  animal 
tissues  to  the  action  of  acids  and  alkalies,  of  prolonged  boiling,  or 
of  too  intense  heat^  have  often  obtained,  at  the  end  of  the  analysis, 
many  substances  which  were  erroneously  described  as  proximate 
principles,  while  they  were  only  the  remains  of  an  altered  and  dis- 
organized materiaL  Thus,  the  fibrons  tissues,  if  boiled  steadily  for 
thirty -six  hours,  dissolve,  for  the  most  part,  at  the  end  of  that  time, 
in  the  boiling  water ;  and  on  cooling  the  whole  solution  solidifies 
into  a  homogeneous,  jelly-like  substance,  which  has  received  the 
name  of  gel<Uine,  But  this  gelatine  does  not  really  exist  in  the  body 
as  a  proximate  principle,  since  the  fibrous  tissue  which  produces  it 
is  not  at  first  soluble,  even  in  boiling  water,  and  its  ingredients 
become  altered  and  converted  into  a  gelatinous  matter  only  by  pro- 
longed ebullition.  &o,  again,  an  animal  substance  containing  ace- 
tates or  lactates  of  soda  or  lime  will,  upon  incineration  in  the  open 
air,  yield  carbonates  of  the  same  bases,  the  organic  acid  having  been 
destroyed,  and  replaced  by  carbonic  acid ;  or  sulphur  and  phospho- 
rus, in  the  animal  tissue,  may  be  converted  by  the  same  means  into 
sulphuric  and  phosphoric  acids,  which,  decomposing  the  alkaline 
carbonates,  become  sulphates  and  phosphates.  In  either  case,  the 
analysis  of  the  tissues,  so  conducted,  will  be  a  deceptive  one,  and 
useless  for  all  anatomical  and  physiological  purposes,  because  its 
real  ingredients  have  been  decomposed,  and  replaced  by  others,  in 
the  process  of  manipulation. 

It  is  in  this  way  that  different  chemists,  operating  upon  the  same 
animal  solid  or  fluid,  by  following  different  plans  of  analysis,  have 
obtained  different  results ;  enumerating  as  ingredients  of  the  body 
many  artificially  formed  substances,  which  are  not,  in  reality, 
proximate  principles,  thereby  introducing  much  confusion  into 
physiological  chemistry. 
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It  is  to  be  kept  constantly  in  view,  in  the  examination  of  an 
animal  tissue  or  fluid,  that  the  object  of  the  operation  is  simplj  the 
separatum  of  its  ingredients  from  each  others  and  not  their  decomposi- 
tion or  ultimate  analysis.  Only  the  simplest  forms  of  chemical 
manipulation  should,  therefore,  be  employed.  The  substance  to 
be  examined  should  first  be  subjected  to  evaporation,  in  order  to 
extract  and  estimate  its  water.  This  evaporation  must  be  conducted 
at  a  heat  not  above  212®  F.,  since  a  higher  temperature  would  de- 
stroy or  alter  some  of  the  animal  ingredients.  Then,  from  the 
dried  residue,  chloride  of  sodium,  alkaline  sulphates,  carbonates, 
and  phosphates  may  be  extracted  with  water.  Coloring  matters 
may  be  separated  by  alcohol.  Oils  may  be  dissolved  out  by  ether, 
&c.  &c.  When  a  chemical  decomposition  is  unavoidable,  it  must 
be  kept  in  sight  and  afterward  corrected.  Thus  the  glyko  chelate 
of  soda  of  the  bile  is  separated  from  certain  other  ingredients  by 
precipitating  it  with  acetate  of  lead,  forming  glyko-cholate  of  lead; 
but  this  is  afterward  decomposed,  in  its  turn,  by  carbonate  of  soda, 
reproducing  the  original  glyko-cholate  of  soda.  Sometimes  it  is 
impossible  to  extract  a  proximate  principle  in  an  entirely  unaltered 
form.  Thus  the  fibrin  of  the  blood  can  be  separated  only  by  allow- 
ing it  to  coagulate;  and  once  coagulated,  it  is  permanently  altered, 
and  can  no  longer  present  all  its  original  characters  of  fluidity,  &C., 
as  it  existed  beforehand  in  the  blood.  In  such  instances  as  this, 
we  can  only  make  allowance  for  an  unavoidable  difficulty,  and  be 
careful  that  the  substance  suflFers  no  further  alteration.  By  bearing 
in  mind  the  above  considerations,  we  may  form  a  tolerably  correct 
estimate  of  the  nature  and  quantity  of  all  of  the  proximate  princi- 
ples existing  in  the  substance  under  examination. 

The  manner  in  which  the  proximate  principles  are  associated 
together,  so  as  to  form  the  animal  tissues,  is  deserving  of  notice. 
In  every  animal  solid  and  fluid,  there  is  a  considerable  number  of 
proximate  principles,  which  are  present  in  certain  proportions,  ^nd 
which  are  so  united  with  each  other  that  the  mixture  presents  a 
homogeneous  appearance.  But  this  union  is  of  a  complicated  cha- 
racter ;  and  the  presence  of  each  ingredient  depends,  to  a  certain 
extent,  upon  that  of  the  others.  Some  of  them,  such  as  the  alkaline 
carbonates  and  phosphates,  are  in  solution  directly  in  the  water. 
Some,  which  are  insoluble  in  water,  are  held  in  solution  by  the 
presence  of  other  soluble  substances.  Thus,  phosphate  of  lime  is 
held  in  solution  in  the  urine  by  the  bi-phosphate  of  soda.  In  the 
blood,  it  \a  dissolved  by  the  albumen,  which  is  itself  fluid  by  union 
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with  the  water.  The  same  substance  may  be  fluid  in  one  part  of 
the  body,  and  solid  in  another  part.  Thus  in  the  blood  and  secre- 
tions the  water  is  fluid,  and  holds  in  solution  other  substances,  both 
animal  and  mineral,  while  in  the  bones  and  cartilages  it  is  solid — 
not  crystallized,  as  in  the  case  of  ice  or  of  saline  substances  which 
contain  water  of  crystallization,  but  amorphous  and  solid,  by  the 
fact  of  its  intimate  union  with  the  animal  and  saline  ingredients, 
which  are  abundant  in  quantity,  and  which  are  themselves  present 
in  the  solid  form.  Again,  the  phosphate  of  lime  in  the  blood  is 
fluid  by  solution  in  the  albumen  ;  but  in  the  bones  it  forms  a  solid 
substance  with  the  animal  matter  of  the  osseous  tissue;  and  yet 
the  union  of  the  two  is  as  intimate  and  homogeneous  in  the  bones 
as  in  the  blood.  A  proximate  principle,  therefore,  never  exists 
alone  in  any  part  of  the  body,  but  is  always  intimately  associated 
with  a  number  of  others,  by  a  kind  of  honK>geneous  mixture  or 
solution. 

Every  animal  tissue  and  fluid  contains  a  number  of  proximate 
principles  which  are  present,  as  we  have  already  mentioned,  in 
certain  characteristic  proportions.  Thus,  water  is  present  in  very 
large  quantity  in  the  perspiration  and  the  saliva,  but  in  very  small 
quantity  in  the  bones  and  teeth.  Chloride  of  sodium  is  compara- 
tively abundant  in  the  blood  and  deficient  in  the  muscles.  On  the 
other  hand,  chloride  of  potassium  is  more  abundant  in  the  muscles, 
less  so  in  the  blood.  But  these  proportions,  it  is  important  to  ob- 
serve, are  nowhere  absolute  or  invariable.  There  is  a  great  differ- 
ence, in  this  respect^  between  the  chemical  composition  of  an  inor- 
ganic substance  and  the  anatomical  constitution  of  an  animal  fluid. 
The  former  is  always  constant  and  definite;  the  latter  is  always 
subject  to  certain  variations.  Thus,  water  is  always  composed  of 
exactly  the  same  relative  quantities  of  oxygen  and  hydrogen ;  and 
if  these  proportions  be  altered  in  the  least,  it  thereby  ceases  to  be 
wa^er,  and  is  converted  into  some  other  substance.  But  in  the 
urine,  the  proportions  of  water,  urea,  urate  of  soda,  phosphates, 
&c.,  vary  within  certain  limits  in  different  individuals,  and  even  in 
the  same  individual,  from  one  hour  to  another.  This  variation, 
which  is  almost  constantly  taking  place,  within  the  limits  of  health, 
is  characteristic  of  all  the  animal  solids  and  fluids;  for  they  are 
composed  of  different  ingredients  which  are  supplied  by  absorption 
or  formed  in  the  interior,  and  which  are  constantly  given  up  again, 
under  the  same  or  different  forms,  to  the  surrounding  media  by  the 
unceasing  activity  of  the  vital  processes.    Every  variation,  then, 
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in  the  general  condition  of  the  body,  as  a  whole,  is  accompanied  by 
a  corresponding  variation,  more  or  less  pronounced,  in  the  consti- 
tution of  its  different  parts.  This  constitution  is  consequently  of 
a  very  different  character  from  the  chemical  constitution  of  an 
oxide  or  a  salt.  Whenever,  therefore,  we  meet  with  the  quanti- 
tative analysis  of  an  animal  fluid,  in  which  the  relative  quantity 
of  its  different  ingredients  is  represented  in  numbers,  we  must 
understand  that  such  an  analysis  is  always  approximative,  and  not 
absolute. 

The  proximate  principles  are  naturally  divided  into  three  differ- 
ent classes. 

The  first  of  these  classes  comprises  all  the  proximate  principles 
which  are  purely  inorganic  in  their  nature.  These  principles  are 
derived  mostly  from  the  exterior.  They  are  found  everywhere,  in 
unorganized  as  well  as  in  organized  bodies ;  and  they  present  them- 
selves under  the  same  forms  and  with  the  same  properties  in  the 
interior  of  the  animal  frame  as  elsewhere.  They  are  crystallizable, 
and  have  a  definite  chemical  composition.  They  comprise  such 
substances  as  water,  chloride  of  sodium,  carbonate  and  phosphate 
of  lime,  &c. 

The  second  class  of  proximate  principles  is  known  as  crystal- 
LIZABLE  substances  OP  ORGANIC  ORIGIN.  This  is  the  name  given 
to  them  by  Eobin  and  Verdeil,*  whose  classification  of  the  proxi- 
mate principles  is  the  best  which  has  yet  been  offered.  They  are 
crystallizable,  as  their  name  indicates,  and  have  a  definite  chemical 
composition.  They  are  said  to  be  of  "  organic  origin,"  because  they 
first  make  their  appearance  in  the  interior  of  organized  bodies,  and 
are  not  found  in  external  nature  as  the  ingredients  of  inorganic 
substances.    Such  are  the  different  kinds  of  sugar,  oil,  and  starch. 

The  third  class  comprises  a  very  extensive  and  important  order 
of  proximate  principles,  which  go  by  the  name  of  the  Organic 
Substances  proper.  They  are  sometimes  known  as  *'  albuminoid" 
substances  or  "protein  compounds."  The  name  organic  substances 
is  given  to  them  in  consequence  of  the  striking  difference  which 
exists  between  them  and  all  the  other  ingredients  of  the  body.  The 
substances  of  the  second  class  differ  from  those  of  the  first  by  their 

'  Chimfe  Aoatomfque  et  PLjsiologique.    Paris,  1853. 
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exclusively  organic  origin,  but  they  resemble  the  latter  in  their  crys- 
tallizability  and  their  definite  chemical  composition ;  in  consequence 
of  which  their  chemical  investigation  may  be  pursued  in  nearly 
the  same  manner,  and  their  chemical  changes  expressed  in  nearly 
the  same  terms.  But  the  proximate  principles  of  the  third  class 
are  in  every  respect  peculiar.  They  have  an  exclusively  organic 
origin ;  not  being  found  except  as  ingredients  of  living  or  recently 
dead  animals  or  vegetables.  They  have  not  a  definite  chemical 
composition,  and  are  consequently  not  crystallizable ;  and  the  forms 
which  they  present,  and  the  chemical  changes  which  they  undergo 
in  the  body,  are  such  as  cannot  be  expressed  by  ordinary  chemical 
phraseology.  This  class  includes  such  substances  as  albumen, 
fibrin,  casein,  &o. 
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CHAPTER    II. 

PROXIMATE   PRINCIPLES    OF   THE    FIR8T   CLASS. 

The  proximate  principles  of  the  first  class,  or  those  of  an  inor- 
ganic nature,  are  very  numerous.  Their  most  prominent  characters 
have  already  been  stated.  They  are  all  crystallizable,  and  have  a 
definite  chemical  composition.  They  are  met  with  extensively  in 
the  inorganic  world,  and  form  a  large  part  of  the  crust  of  the  earth. 
They  occur  abundantly  in  the  different  kinds  of  food  and  drink; 
and  are  necessary  ingredients  of  the  food,  since  they  are  necessary 
ingredients  of  the  animal  frame.  Some  of  them  are  foimd  universally 
in  all  parts  of  the  body,  others  are  met  with  only  in  particular 
regions ;  but  there  are  hardly  any  which  are  not  present  at  the 
same  time  in  more  than  one  animal  solid  or  fluid.  The  following 
are  the  most  prominent  of  them,  arranged  in  the  order  of  their 
respective  importance. 

1.  Water. — Water  is  universally  present  in  all  the  tissues  and 
fluids  of  the  body.  It  is  abundant  in  the  blood  and  secretions, 
where  its  presence  is  indispensable  in  order  to  give  them  the  fluidity 
which  is  necessary  to  the  performance  of  their  functions;  for  it 
is  by  the  blood  and  secretions  that  new  substances  are  introduced 
into  the  body,  and  old  ingredients  discharged.  And  it  is  a  neces- 
sary condition  both  of  the  introduction  and  discharge  of  substances 
naturally  solid,  that  they  assume,  for  the  time  being,  a  fluid  form ; 
water  is  therefore  an  essential  ingredient  of  the  fluids,  for  it  holds 
their  solid  materials  in  solution,  and  enables  them  to  pass  and  repass 
through  the  animal  frame. 

But  water  is  an  ingredient  also  of  the  solids.     For  if  we  take  a 
muscle  or  a  cartilage,  and  expose  it  to  a  gentle  heat  in  dry  air,  it 
loses  water  by  evaporation,  diminishes  in  size  and  weight,  and  be- 
comes dense  and  stiff.    Even  the  bones  and  teeth  lose  water  by 
evaporation  in  this  way,  though  in  smaller  quantity.    In  all  these 
solid  and  semi-solid  tissues,  the  water  which  they  contain  is  useful 
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by  giving  them  the  special  consistency  which  is  characteristic  of 
them,  and  which  would  be  lost  without  it.  Thus  a  tendon,  in  its 
natural  condition,  is  white,  glistening,  and  opaque ;  and  though  very 
strong,  perfectly  flexible.  If  its  water  be  expelled  by  evaporation 
it  becomes  yellowish  in  color,  shrivelled,  semi-transparent,  inflexi- 
ble, and  totally  unfit  for  performing  its  mechanical  functions.  The 
same  thing  is  true  of  the  skin,  muscles,  cartilages,  &o. 

The  following  is  a  list,  compiled  by  Robin  and  Verdeil  from 
various  observers,  showing  the  proportion  of  water  per  thousand 
parts,  in  different  solids  and  fluids : — 

QUARTITT  OF  WaTBB  IN  1,000  PABT8  IV 


Epidermis 

.      37 

Bile  .        .        .        . 

.     880 

Teeth 

>    100 

Milk 

.     887 

Bones 

.    130 

Pancreatic  juice 

.    900 

Cartilage  . 

.     fi50 

Urine 

.     936 

Mnsoles    • 

.     760 

Ljmph      • 

.     960 

Ligaments 

.     768 

Gastric  juice 

.    975 

Brain 

.    789 

Perspiration 

.    986 

Blood 

.     796 

Saliva 

.     995 

Synovial  fluid  . 

.     805 

According  to  the  best  calculations,  water  constitutes,  in  the 
human  subject,  between  two-thirds  and  three-quarters  of  the  entire 
weight  of  the  body. 

The  water  which  thus  forms  a  part  of  the  animal  frame  is  derived 
from  without.  It  is  taken  in  the  different  kinds  of  drink,  and  also 
forms  an  abundant  ingredient  in  the  various  articles  of  food.  For 
no  articles  of  food  are  taken  in  an  absolutely  dry  state,  but  all 
contain  a  larger  or  smaller  quantity  of  water,  which  may  readily 
be  expelled  by  evaporation.  The  quantity  of  water,  therefore, 
which  is  daily  taken  into  the  system,  cannot  be  ascertained  in  any 
case  by  simply  measuring  the  quantity  of  drink,  but  its  proportion 
in  the  solid  food,  taken  at  the  'same  time,  must  also  be  determined 
by  experiment^  and  this  ascertained  quantity  added  to  that  which 
is  taken  in  with  the  fluids.  By  measuring  the  quantity  of  fluid 
taken  with  the  drink,  and  calculating  in  addition  the  proportion 
existing  in  the  solid  food,  we  have  found  that»  for  a  healthy  adult 
man,  the  ordinary  quantity  of  water  introduced  per  day,  is  a  little 
over  4^  pounds. 

After  forming  part  of  the  animal  solids  and  fluids,  and  taking 
part  in  the  various  physical  and  chemical  processes  of  the  body,  the 
water  is  again  discharged ;  for  its  presence  in  the  body,  like  that 
of  all  the  other  proximate  principles,  is  not  permanent,  but  only 
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temporary.  After  being  taken  in  with  the  food  and  drink,  it  is 
associated  with  other  principles  in  the  fluids  and  solids,  passing 
from  the  intestine  to  the  blood,  and  from  the  blood  to  the  tissues 
and  secretions;  It  afterward  makes  its  exit  firom  the  body,  from 
which  it  is  discharged  by  four  different  passages,  viz.,  in  a  liquid 
form  with  the  urine  and  the  feces,  and  in  a  gaseous  form  with  the 
breath  and  the  perspiration.  Of  all  the  water  which  is  expelled  in 
this  way,  about  48  per  cent  is  discharged  with  the  urine  and  feces,* 
and  about  52  per  cent,  by  the  lungs  and  skin.  The  researches  of 
Lavoisier  and  Seguin,  Valentin,  and  others,  show  that  fh>m  a  pound 
and  a  half  to  two  pounds  is  discharged  daily  by  the  skin,  a  little 
over  one  pound  by  exhalation  from  the  lungs,  and  a  little  over  two 
pounds  by  the  urine.  Both  the  absolute  and  relative  amount  dis- 
charged, both  in  a  liquid  and  gaseous  form,  varies  according  to 
circumstances.  There  is  particularly  a  compensating  action  in  this 
respect  between  the  kidneys  and  the  skin,  so  that  when  the  cutane- 
ous perspiration  is  very  abundant  the  urine  is  less  so,  and  vice  versd. 
The  quantity  of  water  exhaled  from  the  lungs  varies  also  with  the 
state  of  the  pulmonary  circulation,  and  with  the  temperature  and 
dryness  of  the  atmosphere.  The  water  is  not  discharged  at  any 
time  in  a  state  of  purity,  but  is  mingled  in  the  urine  and  feces  witli 
saline  substances  which  it  holds  in  solution,  and  in  the  cutaneous 
and  pulmonary  exhalations  with  animal  vapors  and  odoriferous 
substances  of  various  kinds.  In  the  perspiration  it  is  also  mingled 
with  saline  substances,  which  it  leaves  behind  on  evaporation. 

2.  Chloride  of  Sodium. — This  substance  is  found,  like  water, 
throughout  the  different  tissues  and  fluids  of  the  body.  The  only 
exception  to  this  is  perhaps  the  enamel  of  the  teeth,  where  it  has 
not  yet  been  discovered.  Its  presence  is  important  in  the  body,  as  | 
r^ulating  the  phenomena  of  endosmosis  and  exosmosis  in  different ; 
parts  of  the  frame.  For  we  know  that  a  solution  of  common  salt 
passes  through  animal  membranes  much  less  readily  than  pure 
water ;  and  tissues  which  have  been  desiccated  will  absorb  pure 
water  more  abundantly  than  a  saline  solution.  It  must  not  be  sup- 
posed, however,  that  the  presence  or  absence  of  chloride  of  sodium, 
or  its  varying  quantity  in  the  animal  fluids,  is  the  only  condition 
which  regulates  their  transudation  through  the  animal  membranes. 
The  manner  in  which  endosmosis  and  exosmosis  take  place  in  the 

I  Op.  cit.,  vol.  ii.  pp.  143  and  14S. 
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animal  frame  depends  upon  the  relative  quantity  of  all  the  ingre- 
dients of  the  fluids^  as  well  as  on  the  constitution  of  the  solids 
themselves;  and  the  chloride  of  sodium,  as  one  ingredient  among 
many,  influences  these  phenomena  to  a  great  extent^  though  it  does 
not  regulate  them  exclusively. 

It  exerts  also  an  important  influence  on  the  solution  of  various 
I  other  ingredients,  with  which  it  is  associated.  Thus,  in  the  blood 
it  increases  the  solubility  of  the  albumen,  and  perhaps  also  of  the 
earthy  phosphates.  The  blood-globules,  again,  which  become  dis- 
integrated and  dissolved  in  a  solution  of  pure  albumen,  are  main- 
tained in  a  state  of  integrity  by  the  presence  of  a  small  quantity  of 
chloride  of  sodium. 

It  exists  in  the  following  proportions  in  several  of  the  solids  and 
fluids  :* — 

QUASTTTT  OP  ChLORIPB  OP  S<H>IVM  19  1,000  PABTB  IS  THE 

Mnscles  ....  2  Bile  ....  3.5 

Bones  ....  2.5  Blood       ....  4.5 

Milk  ....  1  Mncns     .        .        .        .  6 

Saliva  .        .         .        .  1.5  Aqaeona  hnmor       .        .  11 

Urine  ....  3  Vitreons  homor       .        .  14 

In  the  blood  it  is  rather  more  abundant  than  aU  the  other  saline 
ingredients  taken  together. 

Since  chloride  of  sodium  is  so  universally  present  in  all  parts  of 
the  body,  it  is  an  important  ingredient  also  of  the  food.  It  occurs, 
of  course,  in  all  animal  food,  in  the  quantities  in  which  it  naturally 
exists  ill  the  CGH^pondijig  tissues;  and  in  veget^lble  food  also, 
though  in  smaller  amount.  Its  proportion  in  muscular  flesh, 
however,  is  much  less  than  in  the  blood  and  other  fluids.  Conse- 
quently, it  is  not  supplied  in  sufficient  quantity  as  an  ingredient  of 
animal  and  vegetable  food,  but  is  taken  also  by  itself  as  a  condi- 
ment. There  is  no  other  substance  so  universally  used  by  all  races 
and  conditions  of  men,  as  an  addition  to  the  food,  as  chloride  of 
sodium.  This  custom  does  not  simply  depend  on  a  fancy  for  grati- 
fying the  palate,  but  is  based  upon  an  instinctive  desire  for  a  sub- 
stance which  is  necessary  to  the  proper  constitution  of  the  tissues 
and  fluids.  Even  the  herbivorous  animals  are  greedy  of  it,  and  if 
freely  supplied  with  it,  are  kept  in  a  much  better  condition  than 
when  deprived  of  its  use. 

The  importance  of  chloride  of  sodium  in  this  respect  has  been 
well  demonstrated  by  Boussingault,  in  his  experiments  on  the 

I  RobiD  and  Verdeil. 
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It  is  discharged  with  the  urine^  mucus,  cutaneous  perspiratlbUi 
&c.y  in  solution  in  the  water  of  these  fluids.  According  to  the  esti- 
mates of  M.  Barral,'  a  small  quantity  of  chloride  of  sodium  dis- 
appears in  the  body;  since  he  finds  by  accurate  comparison  that  all 
the  salt  introduced  with  the  food  is  not  to  be  found  in  the  excreted 
fluids,  but  that  about  one-fifth  of  it  remains  iinaccounted  for.  This 
portion  is  supposed  to  undergo  a  double  decomposition  in  the  blood 
with  phosphate  of  potassa,  forming  chloride  of  potassium  and  phos- 
phate of  soda.  By  far  the  greater  part  of  the  chloride  of  sodium, 
however,  escapes  under  its  own  form  with  the  secretions. 

3.  Chloride  of  Potassium. — This  substance  is  found  in  the 
muscles,  the  blood,  the  milk,  the  urine,  and  various  other  fluids 
and  tissues  of  the  body.  It  is  not  so  universally  present  as  chlo- 
ride of  sodium,  and  not  so  important  as  a  proximate  principle. 
In  some  parts  of  the  body  it  is  more  abundant  than  the  latter  salt, 
in  others  less  so.  Thus,  in  the  blood  there  is  more  chloride  of 
sodium  than  chloride  of  potasssium,  but  in  the  muscles  there  is  more 
chloride  of  potassium  than  chloride  of  sodium.  This  substance  is 
always  in  a  fluid  form,  by  its  ready  solubility  in  water,  and  is  easily 
separated  by  lixiviation.  It  is  introduced  mostly  with  the  food,  but 
is  probably  formed  partly  in  the  interior  of  the  body  from  chloride 
of  sodium  by  double  decomposition,  as  already  mentioned.  It  is 
discharged  with  the  mucus,  the  saliva,  and  the  urine. 

4.  Phosphate  of  Lime. — This  is  perhaps  the  most  important 
of  the  mineral  ingredients  of  the  body  next  to  chloride  of  sodium. 
It  is  met  with  universally,  in  every  tissue  and  every  fluid.  Its 
quantity,  however,  varies  very  much  in  different  parts,  as  will  be 
seen  by  the  following  list: — 

QUANTITT  OP  PhOSTHATB  OF  LiMB  19  1,000  PARTS  IN  THB 

Enamel  of  the  teeth  .        .  885  Muscles    .        .        .        .2.5 

0eiiiiiie     ....  643  Blood        ....    0.3 

Bones        ....  550  G&striojafoe     .        •        .0.4 

CartiUges          ...  40 

It  occurs  also  under  different  physical  conditions.  In  the  bones, 
teeth,  and  cartilages  it  is  solid,  and  gives  to  these  tissues  the  resist- 
ance and  solidity  which  are  characteristic  of  them.  The  calcareous 
salt  is  not,  however,  in  these  instances,  simply  deposited  mechani- 
cally in  the  substance  of  the  bone  or  cartilage  as  a  granular  powder, 

*  Ib  Rohin  and  Verdeil,  op.  cit.,  toI.  if.  193. 
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bat  is  intimately  united  with  tte  animftl  matter  of  the  tifisuea,  like 
a  coloring  matter  in  colored  ^asa,  ao  as  to  present  a  more  or  lew 
homogeneona  appearaooe.  It  can,  hoireTer,  be  readily  dissolved 
out  by  maceration  in  dilnta  mnriatio  acid,  leaving  behind  the 
animal  substance,  which  still  retains  the  original  form  of  the  hone 
or  cartilage.  It  is  not,  therefore,  united  with  the  animal  matter  so 
as  to  lose  its  identity  and  form  a  new  chemical  sabstanoe,  aa  where 
an  acid  combines  with  an  alkali  to  form  a  salt,  but  in  the  same 
manner  as  salt  unites  with  water  in  a  saline  eolution,  both  anb> 
stances  ret^ning  their  original  character  and  oompositaoa,  bat  ao 
intimately  associated  that  they  cannot  be  separated  by  mechanical 


Flg.l. 


'  In  the  blood,  phosphate  of  lime  is  in  a  liquid  fbrm,  notwitbstand-  | 
ing  its  inaoluhility  in  water  and  in  alkaline  fluids,  being  held  in  I 
solution  by  the  albuminous  matters  of  the  ciroulattng  Suid.  In  the  \ 
urine,  it  is  retained  in  solution  by  the  bi-phosphate  of  soda.  , 

In  all  the  solid  tissues  it  is  useful  by  giving  to  them  their  proper 
coDsistence  and  solidity.  For  example,  in  the  ena- 
mel of  the  teeth,  the  hardest  tissue  of  the  body,  it 
predominates  very  much  over  the  animal  matter, 
and  is  present  in  greater  abundance  there  than  in 
any  other  part  of  the  &ame.  In  the  dentine,  a 
softer  tissue,  it  is  in  somewhat  smaller  quantity, 
and  in  the  bones  smaller  still ;  though  in  the  bones 
it  continues  to  form  more  than  one-half  the  entire 
mass  of  the  osseous  substance.  The  importance  of 
phosphate  of  lime,  in  communicating  to  bones  their 
natural  atififness  and  consistency,  may  be  readily 
shown  by  the  alteration  which  they  suffer  from  its 
removal  If  a  long  bone  be  macerated  in  dilute 
muriatic  acid,  the  earthy  salt,  as  already  mentioned, 
is  entirely  dissolved  out,  after  which  the  bone  loses 
its  rigidity,  and  may  be  bent  or  twisted  in  any  di- 
rection without  breaking,  (Fig,  1.) 

Whenever  the  nutrition  of  the  bone  during  life  i"""^"." 
is  interfered  with  from  any  patholoincal  cause,  so  """•■  '■  »  ^"''" 
that  Its  phosphate  of  lime  becomes  deficient  in    u.i  in  th<  nnKDm 

amount,  a  softening  of  the  osseous  tissue  is  the     aJ^'^lie.^"' Ji^^T 

consequence,  by  which  the  bones  yield  to  external 

preseore,  and  become  more  or  less  distorted.   {Osteo-malakia.) 
After  forming,  for  a  time,  a  part  of  the  tiasnea  and  fluids,  iha 


76  PBOXIMATE    FBINCIPLK9   OF   THE    FIBST    CLASS. 

phosphate  of  lime  is  discharged  from  the  body  by  the  urine/  the 
perspiration,  mucus,  &c.  Much  the  larger  portion  is  discharged  by 
the  urine.  A  small  quantity  also  occurs  in  the  feces,  but  this  is  pro* 
bably  only  the  superfluous  residue  of  what  is  taken  in  with  the  food. 

5.  Cabbonate  of  Lime. — Carbonate  of  lime  is  to  be  found  in 
the  bones,  and  sometimes  in  the  urine.  The  concretions  of  the 
internal  ear  are  almost  entirely  formed  of  it.  It  very  probably 
occurs  also  in  the  blood,  teeth,  cartilages^  and  sebaceous  matter; 
but  its  presence  here  is  not  quite  certain,  since  it  may  have  been 
produced  from  the  lactate,  or  other  organic  combination,  by  the 
process  of  incineration.  In  the  bones,  it  is  in  much  smaller  quan- 
tity than  the  phosphate.  Its  solubility  in  the  blood  and  the  urine 
is  accounted  for  by  the  presence  of  free  carbonic  acid,  and  also  of 
chloride  of  potassium,  both  of  which  substances  exert  a  solvent 
action  on  carbonate  of  lime. 

6.  Carbonate  of  Soda. — This  substance  exists  in  the  bones, 
blood,  saliva,  lymph,  and  urine.  As  it  is  readily  soluble  in  water, 
it  naturally  assumes  the  liquid  form  in  the  animal  fluids.    It  is , 

;   important  principally  as  giving  to  the  blood  its  alkalescent  reaction,  l 
by  which  the  solution  of  the  albumen  is  facilitated,  and  various  > 
other  chemico-physiological  processes  in  the  blood  accomplished.  ' 
The  alkalescence  of  the  blood  is,  in  fact,  necessary  to  life ;  for  it  is 
found  that,  in  the  living  animal,  if  a  mineral  acid  be  gradually 
injected  into  the  blood,  so  dilute  as  not  to  coagulate  the  albumen, 
death  takes  place  before  its  alkaline  reaction  has  been  completely 
neutralized.' 

The  carbonate  of  soda  of  the  blood  is  partly  introduced  as  such 
with  the  food ;  but  the  greater  part  of  it  is  formed  within  the  body 
by  the  decomposition  of  other  salts,  introduced  with  certain  fruits 
and  vegetables.  These  fruits  and  vegetables,  such  as  apples,  cher- 
ries, grapes,  potatoes,  &c.,  contain  malates,  tartrates,  and  citrates 
of  soda  and  potassa.  Now,  it  has  been  often  noticed  that,  after 
the  use  of  acescent  fruits  and  vegetables  containing  the  above  salts, 
the  urine  becomes  alkaline  in  reaction  from  the  presence  of  the 
)  alkaline  carbonates.  Lehmann'  found,  by  experiments  upon  his 
!  own  person,  that,  within  thirteen  minutes  after  taking  half  an  ounce 

*  Cl.  Bernard.  Leotares  on  the  Blood  ;  reported  bj  W.  F.  Atlee,  M.  D.  Phila- 
delphia, 1854,  p.  31. 

*  Physiologioal  Chemistry.     Philadelphia  ed.,  vol.  1.  p.  97. 
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of  lactate  of  soda,  the  urine  had  an  alkaline  reaction.  He  also  ob- ' 
served  that,  if  a  solution  of  lactate  of  soda  were  injected  into  the 
jugular  vein  of  a  dog,  the  urine  became  alkaline  at  the  end  of  five, 
or,  at  the  latest,  of  twelve  minutes.  The  conversion  of  these  salts 
into  carbonates  takes  place,  therefore,  not  in  the  intestine  but  in  the 
blood.  The  same  observer*  found  that,  in  many  persons  living  on 
a  mixed  diet,  the  urine  became  alkaline  in  two  or  three  hours  after 
swallowing  ten  grains  of  acetate  of  soda.  These  salts,  therefore, 
on  being  introduced  into  the  animal  body,  are  decomposed.  Their 
organic  acid  is  destroyed  and  replaced  by  carbonic  acid ;  and  they 
are  then  discharged  under  the  form  of  carbonates  of  soda  and  potassa. 

7.  Cabbonate  of  Potassa. — This  substance  occurs  in  very 
nearly  the  same  situations  as  the  last.  In  the  blood,  however,  it  is 
in  smaller  quantity.  It  is  mostly  produced,  as  above  stated,  by 
the  decomposition  of  the  malate,  tartrate,  and  citrate,  in  the  same 
manner  as  the  carbonate  of  soda.  Its  function  is  also  the  same  as 
that  of  the  soda  salt,  and  it  is  discharged  in  the  same  manner  from 
the  body. 

8.  Phosphates  of  Magnesia,  Soda,  and  Potassa. — All  these 
substances  exist  universally  in  all  the  solids  and  fluids  of  the  body, 
but  in  very  small  quantity.  The  phosphates  of  soda  and  potassa  i 
are  easily  dissolved  in  the  animal  fluids,  owing  to  their  ready  solu- 
bility in  water.  The  phosphate  of  magnesia  is  held  in  solution  in 
the  blood  by  the  alkaline  chlorides  and  phosphates;  in  the  urine,; 
by  the  acid  phosphate  of  soda. 

A  peculiar  relation  exists  between  the  alkaline  phosphates  and 
carbonates  in  different  classes  of  animals.  For  while  the  fluids  of 
carnivorous  animals  contain  a  preponderance  of  the  phosphates, 
those  of  the  herbivora  contain  a  preponderance  of  the  carbonates : ) 
a  peculiarity  readily  understood  when  we  recollect  that  muscular  j 
flesh  and  the  animal  tissues  generally  are  comparatively  abundant 
in  phosphates ;  *while  vegetable  substances  abound  in  salts  of  the 
organic  acids,  which  give  rise,  as  already  described,  by  their  decom- 
position in  the  blood,  to  the  alkaline  carbonates. 

The  proximate  principles  included  in  the  above  list  resemble 
each  other  not  only  in  their  inorganic  origin,  their  crystallizability, 

»  Physiological  Chemistry,  vol.  ii.  p.  130. 
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and  their  definite  chemical  composition,  but  also  in  the  part  which 
they  take  in  the  constitution  of  the  animal  frame.  Thej  are 
distinguished  in  this  respect,  first  by  being  derived  entirely  from 
without.  There  are  a  few  exceptions  to  this  rule ;  as,  for  example, 
in  the  case  of  the  alkaline  carbonates^  which  partly  originate  in 
the  body  from  the  decomposition  of  malates,  tartrates,  &o.  These, 
however,  are  only  exceptions ;  and  in  general,  the  proximate  prin- 
ciples belonging  to  the  first  class  are  introduced  with  the  food, 
and  taken  up  by  the  animal  tissues  in  precisely  the  same  form 
under  which  they  occur  in  external  nature.  The  carbonate  of  lime 
in  the  bones,  the  chloride  of  sodium  in  the  blood  and  tissues,  are 
the  same  substances  which  are  met  with  in  the  calcareous  rocks, 
and  in  solution  in  sea  water.  They  do  not  suffer  any  chemical 
alteration  in  becoming  constituent  parts  of  the  animal  frame. 

They  are  equally  exempt,  as  a  general  rule,  from  any  alteration 
while  they  remain  in  the  body,  and  during  their  passage  through 
it.  The  exceptions  to  this  rule  are  very  few ;  as,  for  example,  where 
a  small  part  of  the  chloride  of  sodium  suffers  double  decomposition 
with  phosphate  of  potassa,  giving  rise  to  chloride  of  potassium  and 
phosphate  of  soda ;  or  where  the  phosphate  of  soda  itself  gives  up 
a  part  of  its  base  to  an  organic  acid  (uric),  and  is  converted  in  this 
way  into  a  bi-phosphate  of  soda. 

Nearly  the  whole  of  these  substances,  finally,  are  taken  up  un- 
changed from  the  tissues,  and  discharged  unchanged  with  the  excre- 
tions. Thus  we  find  the  phosphate  of  lime  and  the  chloride  of  so- 
dium, which  were  taken  in  with  the  food,  discharged  again  under 
\  the  same  form  in  the  urine.  They  do  not,  therefore,  for  the  most 
i  part,  participate  directly  in  the  chemical  changes  going  on  in  the 
body ;  but  only  serve  by  their  presence  to  enable  those  changes  to 
be  accomplished  in  the  other  ingredients  of  the  animal  frame,  which 
are  necessary  to  the  process  of  nutrition. 
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CHAPTER    III. 

PBOXIMATE  PRINCIPLES  OF  THE  SECOND  CLASS. 

The  proximate  principles  belonging  to  the  second  class  are 
divided  into  three  principal  groups^  viz :  starch,  sugar,  and  oil. 
They  are  distinguished,  in  the  first  place,  by  their  organic  origin. 
Unlike  the  principles  of  the  first  class,  they  do  not  exist  in 
external  nature,  but  are  only  found  as  ingredients  of  organized 
bodies.  They  exist  both  in  animals  and  in  vegetables,  though  in 
somewhat  different  proportions.  All  the  substances  belonging  to 
this  class  have  a  definite  chemical  composition ;  and  are  further 
distinguished  by  the  &ct  that  they  are  composed  of  oxygen, 
hydrogen,  and  carbon  alone,  without  nitrogen,  whence  they  are 
sometimes  called  the  ''non-nitrogenous"  substances. 

1.  Starch  (C^JEL^fi^^). — ^The  first  of  these  substances  seems  to 
form  an  exception  to  the  general  rule  in  a  very  important  particu- 
lar, viz.,  that  it  is  not  crystallizable.  Still,  since  it  so  closely 
resembles  the  rest  in  all  its  general  properties,  and  since  it  is  easily 
convertible  into  sugar,  which  is  itself  crystallizable,  it  is  naturally 
included  in  the  second  class  of  proximate  principles.  Though  not 
crystallizable,  furthermore,  it  still  assumes  a  distinct  form,  by 
which  it  differs  from  substances  that  are  altogether  amorphous. 

Starch  occurs  in  some  part  or  other  of  almost  all  the  flowering 
plants.  It  is  very  abundant  in  corn,  wheat,  rye,  oats,  and  rice,  in 
the  parenchyma  of  the  potato,  in  peas  and  beans,  and  in  most 
vegetable  substances  used  as  food.  It  constitutes  almost  entirely 
the  different  preparations  known  as  sago,  tapioca,  arrowroot,  &c,, 
which  are  nothing  more  than  varieties  of  starch,  extracted  from 
different  species  of  plants. 

The  following  is  a  list  showing  the  percentage  of  starch  occurring 
in  different  kinds  of  food : — * 

»  Peroira  on  Food  and  Diet,  New  York,  1843,  p.  39. 
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Fig.  2. 


When  purified  from  foreign  substancea,  starch  is  a  ■white,  light 
powder,  which  gives  rise  to  a  pecuHar  crackling  sensation  when 
rubbed  between  the  fingers. 
It  is  not  amorphous,  as  we 
have  atreadj  stated,  but  is 
composed  of  solid  granules, 
which,  while  they  have  a 
general  resemblance  to  each 
other,  differ  somewhat  in  va- 
rious particulars.  Thestarch 
grains  of  the  potato  (Fig.  2) 
vary  considerably  in  size. 
The  smallest  have  adiameter 
of  tbJift.  tte  largest  ,U  of 
an  inch.  They  are  irregu- 
larly pear-shaped  in  form, 
and  are  marked  by  concen- 
tric laminn,  as  if  the  matter 
of  which  they  are  composed  had  been  deposited  in  successive  layers. 
At  one  point  on  the  surface  of  every  starch  grain,  there  is  a  minute 
pore  or  depression,  called  the 
hitus,  around  which  the  cir- 
cular markings  are  arranged 
in  a  conceatrio  form. 

The  starch  granules  of 
arrowroot  (Fig.  3)  are  gene- 
rally smaller  and  more  uni- 
form in  size,  than  those  of 
the  potato.  They  vary  from 
sb'ob  to  jiu  of  an  inch  in 
diameter.  They  are  elongated 
and  cylindrical  in  form,  and 
the  concentric  markings  are 
less  distinct  than  in  the  pre- 
ceding variety.     The  hilts 
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Fig.  4. 


Stakch  OsAiirt  OP  Wrbat  Floub. 


has  here  sometimes  the  form  of  a  circular  pore,  and  sometimes  that 
of  a  transverse  fissnre  or  slit 

The  grains  of  wheat  starch  (Fig.  4)  are  still  smaller  than  those 
of  arrowroot.  They  vary 
from  TvivT  to  iyi<^  of  an  inch 
in  diameter.  They  are 
nearly  circular  in  form,  with 
a  round  or  transverse  hilus, 
but  without  any  distinct 
appearance  of  lamination. 
Many  of  them  are  flattened 
or  compressed  laterally,  so 
that  they  present  a  broad 
surface  in  one  position,  and 
a  narrow  edge  when  viewed 
in  the  opposite  direction. 

The  starch  grains  of  In- 
dian com  (Fig.  6)  are  of 
nearly  the  same  size  with 

those  of  wheat  flour.  They  are  somewhat  more  irregular  and 
angular  in  shape ;  and  are  often  marked  with  crossed  or  radiating 
lines,  as  if  from  partial  fracture. 

Starch  is  also  an  ingre- 
dient of  the  animal  body. 
It  was  first  observed  by 
Purkinje,  and  afterward  by 
Kolliker,'  that  certain  bodies 
are  to  be  found  in  the  interior 
of  the  brain,  about  the  late- 
ral ventricles,  in  the  fornix, 
septum  lucidum  and  other 
parts,  which  present  a  cer- 
tain resemblance  to  starch 
grains,  and  which  have  there- 
fore been  called  "corpora 
amylacea."       Subsequently  o  «  »  n 

^^  ^  J  Stakch  Oraiks  OF  IxDiAir  Corn. 

Virchow*  corroborated  the 

above  observations,  and  ascertained  the  corpora  amylacea  to  be 
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6 


>  HAndbaoh  der  Gewebelehre,  Leipzig,  1852,  p.  311. 
'  In  American  Jonrnal  Med.  Sol.,  April,  1854,  p.  466. 
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Fig.  6. 


Starch  Obaihs  psom   Walt,   of   Latkbal 
Vbvtbioles;  from  a  woman  aged  35. 


really  Hubstances  of  a  starohy  nature ;  since  they  exhibit  the  usual 
chemical  reactions  of  vegetable  starch. 

The  starch  granules  of  the  human  brain  (Fig.  6)  are  transparent 

and  colorless,  like  those  from 
plants.  They  refract  the  light 
strongly,  and  vary  in  size 
from  jyfjfjf  to  tVtt  of  an 
inch.  Their  average  is  ygVir 
of  an  inch.  .  They  are  some- 
times rounded  or  oval,  and 
sometimes  angular  in  shape. 
They  resemble  considerably 
in  appearance  the  starch 
granules  of  Indian  com.  The 
largest  of  them  present  a 
very  faint  concentric  lamina- 
tion, but  the  greater  number 
are  destitute  of  any  such 
appearance.  They  have 
nearly  always  a  distinct  hilus,  which  is  sometimes  circular  and 
sometimes  slit-shaped.  They  are  also  often  marked  with  delicate 
radiating  lines  and  shadows.  On  the  addition  of  iodine,  they  become 
colored,  first  purple,  afterward  of  a  deep  blue.  They  are  less  firm 
in  consistency  than  vegetable  starch  grains,  and  can  be  more  readily 
disintegrated  by  pressing  or  rubbing  them  upon  the  glass. 

Starch,  derived  from  all  these  different  sources,  has,  so  far  as 
known,  the  same  chemical  composition,  and  may  be  recognized  by 
the  same  tests.  It  is  insoluble  in  cold  water,  but  in  boiling  water 
its  granules  first  swell,  become  gelatinous  and  opaline,  then  fiise 
with  each  other,  and  finally  liquefy  altogether,  provided  a  sufficient 
quantity  of  water  be  present.  After  that,  they  cannot  be  made  to 
resume  their  original  form,  but  on  cooling  and  drying  merely  solidify 
into  a  homogeneous  mass  or  paste,  more  or  less  consistent,  accord- 
ing to  the  quantity  of  water  which  remains  in  union  with  it.  The 
starch  is  then  said  to  be  amorphous  or  "  hydrated."  By  this  process 
it  is  not  essentially  altered  in  its  chemical  properties,  but  only  in 
its  physical  condition.  Whether  in  granules,  or  in  solution,  or  in 
an  amorphous  and  hydrated  state,  it  strikes  a  deep  blue  color  on 
the  addition  of  free  iodine. 

Starch  may  be  converted  into  sugar  by  three  different  methods. 
First,  by  boiling  with  a  dilute  acid.    If  starch  be  boiled  with  dilute 
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nitric,  sulphuric,  or  muriatic  acid  during  thirty-six  hours,  it  first  [ 
changes  its  opalescent  appearance,  and  becomes  coloriess  and  trans- 
parent ;  losing  at  the  same  time  its  power  of  striking  a  blue  color 
with  iodine.    After  a  time,  it  begins  to  acquire  a  sweet  taste,  and 
is  finally  altogether  conyerted  into  a  peculiar  species  of  sugar. 

Secondly,  by  contact  with  certain  animal  and  vegetable  sub- 
stances. Thus,  boiled  starch  mixed  with  human  saliva  and  kept 
at  the  temperature  of  100^  F.,  is  converted  in  a  few  minutes  into 
sugar. 

Thirdly,  by  the  processes  of  nutrition  and  digestion  in  animals 
and  vegetables.  A  large  part  of  the  starch  stored  up  in  seeds  and 
other  vegetable  tissues  is,  at  some  period  or  other  of  the  growth  of 
the  plant,  converted  into  sugar  by  the  molecular  changes  going  on 
in  the  vegetable  fabric.  It  is  in  this  way,  so  far  as  we  know,  that 
all  the  sugar  derived  from  vegetable  sources  has  its  origin. 

Starch,  as  a  proximate  principle,  is  more  especially  important  as 
entering  largely  into  the  composition  of  many  kinds  of  vegetable 
food.  With  these  it  is  introduced  into  the  alimentary  canal,  and  '^ 
there,  during  the  process  of  digestion,  is  converted  into  sugar. 
/  Consequently,  it  does  not  appear  in  the  blood,  nor  in  any  of  the 
secreted  fluids. 

2.  SuGAB. — ^This  group  of  proximate  principles  includes  a  con- 
siderable number  of  substances;  which  differ  in  certain  minor 
details,  while  they  resemble  each  other  in  the  following  particulars : 
They  are  readily  soluble  in  water,  and  crystallize  more  or  less 
perfectly  on  evaporation;  they  have  a  distinct  sweet  taste;  and 
finally,  by  the  process  of  fermentation,  they  are  converted  into 
alcohol  and  carbonic  acid. 

These  substances  are  derived  from  both  animal  and  vegetable 
sources.  Those  varieties  of  sugar  which  are  most  familiar  to  us 
are  the  following  six,  three  of  which  are  of  vegetable  and  three  of 
animal  origin. 

YegeUb^      1  n  Animal     )  . . 

^  <  Grape  sagar,  <  Liver  sagar, 

sagars.      (  g^^  ^^  gUrch.  C,  i  <.  v  *  ^  .  Bnga«.     (  Sng„  of  honey. 

The  cane  and  grape  sugars  are  held  in  solution  in  the  juices  of 
the  plants  from  which  they  derive  their  name.  Sugar  of  starch,  or 
glucose^  is  produced  by  boiling  starch  for  a  long  time  with 'a  dilute 
acid.  Liver  sugar  and  sugar  of  milk  are  produced  in  the 
tissues  of  the  liver  and  the   mammary  gland,  and  the  sugar  of 
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honey  is  prepared  in  some  way  by  the  bee  from  materials  of  vege- 
table origin. 

These  varieties  diflfer  but  little  in  their  tdtimate  chemical  compo- 
sition. The  following  formulae  have  been  established  for  three  of 
tbem. 

Cane  sugar ^  ^24^2^21 

Milk  sagar b  Ci4l^240s4 

GlaoQse  .         .        •         .         .  .     ^  ^M^ts^n 

Cane  sugar  is  sweeter  than  most  of  the  other  varieties,  and  more 
soluble  in  water.  Some  sugars,  such  as  liver  sugar  and  sugar  of 
honey,  crystallize  only  with  great  difficulty ;  but  this  is  probably 
owing  to  their  being  mingled  with  other  substances,  from  which  it 
is  difficult  to  separate  them  completely.  K  they  could  be  obtained 
in  a  state  of  purity,  they  would  doubtless  crystallize  as  perfectly  as 
cane  sugar.  The  different  sugars  vary  also  in  the  readiness  with 
which  they  undergo  fermentation.  Some  of  them,  as  grape  sugar 
and  liver  sugar,  enter  into  fermentation  very  promptly ;  others, 
such  as  milk  and  cane  sugar,  with  considerable  difficulty. 

The  above  are  not  to  be  regarded  as  the  only  varieties  of  sugar 
existing  in  nature.  On  the  contrary,  it  is  probable  that  nearly 
every  diflFerent  species  of  animal  and  vegetable  produces  a  distinct 
kind  of  sugar,  differing  slightly  from  the  rest  in  its  degree  of  sweet- 
ness, its  solubility,  its  crystallization,  its  aptitude  for  fermentation, 
and  perhaps  in  its  elementary  composition.  Nevertheless,  there  is 
so  close  a  resemblance  between  them  that  they  are  all  properly 
regarded  as  belonging  to  a  single  group. 

The  test  most  commonly  employed  for  detecting  the  presence  of 
sugar  is  that  known  as  TVommer^s  test  It  depends  upon  the  fact 
that  the  saccharine  substances  have  the  power  of  reducing  the 
persalts  of  copper  when  heated  with  them  in  an  alkaline  solution. 
The  test  is  applied  in  the  following  manner :  A  very  small  quantity 
of  sulphate  of  copper  in  solution  should  be  added  to  the  suspected 
liquid,  and  the  mixture  then  rendered  distinctly  alkaline  by  the 
addition  of  caustic  potassa.  The  whole  solution  then  takes  a  deep 
blue  color.  On  boiling  the  mixture,  if  sugar  be  present,  the  in- 
soluble suboxide  of  copper  is  thrown  down  as  an  opaque  red, 
yellow,  or  orange-colored  deposit;  otherwise  no  change  of  color 
takes  place. 

This  test  requires  some  precautions  in  its  application.  In  the 
first  place,  it  is  not  applicable  to  all  varieties  of  sugar.  Cane 
sugar,  for  example,  when  pure,  has  no  power  of  reducing  the  salts 
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of  copper,  even  when  present  in  large  quantity.  Maple  sugar,  also, 
which  resembles  xsane  sugar  in  some  other  respects,  reduces  the 
copper,  in  Trommer's  test,  but  slowly  and  imperfectly.  Beet-root 
sugar,  according  to  Bernard,  presents  the  same  peculiarity.  If 
these  sugars,  however,  be  boiled  for  two  or  three  minutes  with  a 
trace  of  sulphuric  acid,  they  become  converted  into  glucose,  and 
acquire  the  power  of  reducing  the  salts  of  copper.  Milk  sugar, 
liver  sugar,  and  sugar  of  honey,  as  well  as  grape  sugar  and  glucose, 
all  act  promptly  and  perfectly  with  Trommer's  test  in  their  natural 
condition. 

Secondly,  care  must  be  taken  to  add  to  the  suspected  liquid  only 
a  small  quantity  of  sulphate  of  copper,  just  sufficient  to  give  to  the 
whole  a  distinct  blue  tinge,  after  the  addition  of  the  alkalL  If  a 
larger  quantity  of  the  copper  salt  be  used,  the  sugar  in  solution 
may  not  be  sufficient  to  reduce  the  whole  of  it ;  and  that  which 
remains  as  a  blue  sulphate  will  mask  the  yellow  color  of  the  sub- 
oxide thrown  down  as  a  deposit.  By  a  little  care,  however,  in 
managing  the  testy  this  source  of  error  may  be  readily  avoided. 

Thirdly,  there  are  some  albuminous  substances  which  have  the 
power  of  interfering  with  Trommer's  test,  and  prevent  the  reduc- 
tion of  the  copper  even  when  sugar  is  present.  Certain  animal 
matters^  to  be  more  particularly  described  hereafter,  which  are 
liable  to  be  held  in  solution  in  the  gastric  juice,  have  this  efiTect 
This  source  of  error  may  be  avoided,  and  the  substances  in  ques- 
tion eliminated  when  present,  by  treating  the  suspected  fluid  with 
animal  charcoal,  or  by  evaporating  and  extracting  it  with  alcohol 
before  the  application  of  the  test. 

A  less  convenient  but  somewhat  more  certain  test  for  sugar  is 
that  of  fermenUUion.  The  saccharine  fluid  is  mixed  with  a  little 
yeasty  and  kept  at  a  temperature  of  70°  to  100°  F.  until  the  fer- 
menting process  is  completed.  By  this  process,  as  already  men- 
tioned, the  sugar  is  converted  into  alcohol  and  carbonic  acid.  The 
gas,  which  is  given  off  in  minute  bubbles  during  fermentation, 
should  be  collected  and  examined.  The  remaining  fluid  is  purified 
by  distillation  and  also  subjected  to  examination.  If  the  gas  be 
found  to  be  carbonic  acid,  and  the  remaining  fluid  contain  alcohol, 
there  can  be  no  doubt  that  sugar  was  present  at  the  commencement 
of  the  operation. 

The  following  list  shows  the  percentage  of  sugar  in  various 
articles  of  food.^ 

I  Pereira,  op.  elt.,  p.  55. 
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62.50 

Wheat  floar . 

.      4.20  to  8.48 

18.12 

Rje  meal 

.      3.28 

16.48 

Indian  meal 

.      1.46 

12.60 

Peas     • 

.      2.00 

11.62 

Cow's  milk  . 

.     4.77 

9.00 

Ass's  milk    . 

.      6.08 

6.00 

Human  milk 

.      6.50 

5.21 

QuAmriTT  or  8uoab  nr  100  parts  in 
Figs       .  -  —        - 

Cherries 
Peaches 
Tamarinds 
Pears     . 
Beets     • 
Sweet  almonds 
Barley  meal   • 

Besides  the  sugar,  therefore,  which  is  taken  into  the  alimentary 
canal  in  a  pure  form,  a  large  quantity  is  also  introduced  as  an  in- 
gredient of  the  sweet-flavored  fruits  and  vegetables.  All  the 
starchy  substances  of  the  food  are  also  converted  into  sugar  in  the 
process  of  digestion.  Two  of  the  varieties  of  sugar,  at  least, 
originate  in  the  interior  of  the  body,  viz.,  sugar  of  milk  and  liver 
sugar.  The  former  exists  in  a  solid  form  in  the  substance  of  the 
mammary  gland,  from  which  it  passes  in  solution  into  the  milk. 
The  liver  sugar  is  found  in  the  substance  of  the  liver,  and  almost 
always  also  in  the  blood  of  the  hepatic  veins.  The  sugar  which  is 
introduced  with  the  food,  as  well  as  that  which  is  formed  in  the 
liver,  disappears  by  decomposition  in  the.  animal  fluids,  and  does 
not  appear  in  any  of  the  excretions.    < 


■■  ^ 


3.  Fats. — These  substances,  like  the  sugars,  are  derived  from 
both   animal  and  vegetable  sources.    There  are  three  principal  * 
varieties  of  them,  which  may  be  considered  as  representing  the 
class,  viz : — 

Oleine ^^u^^n 

^argarine s=«  C-,  H,,  0„ 

Stearins ^  ^itt^Hi^n 

The  principal  difference  between  the  oleaginous  and  saccharine 
substances,  so  far  as  regards  their  ultimate  chemical  composition, 
is  that  in  the  sugars  the  oxygen  and  hydrogen  always  exist  together 
in  the  proportion  to  form  water ;  while  in  the  fats  the  proportions  of 
carbon  and  hydrogen  are  nearly  the  same,  but  that  of  oxygen  is 
considerably  less.  The  fats  are  all  fluid  at  a  high  temperature,  but 
assume  the  solid  form  on  cooling.  Stearine,  which  is  the  most 
solid  of  the  three,  liquefies  only  at  143*^  F. ;  margarine  at  118®  F. ; 
while  oleine  remains  fluid  considerably  below  100°  F.,  and  even 
very  near  the  freezing  point  of  water.  The  fats  are  all  insoluble 
in  water,  but  readily  soluble  in  ether.  By  prolonged  boiling  in 
water  with  a  caustic  alkali,  they  are  decomposed,  and  as  the  result  of 
the  decomposition  there  are  formed  two  new  bodies ;  firsts  glycerine, 

<*./:  ;  dl     ^/    \  ^»^^    •  ''^    ^^^' 


,Ji 


vliich  is  a  neutral  fluid  substance,  and  secondly,  a  fattj  a 
oleic,  margaric,  or  stearic  acid,  corresponding  to  tte  kind  of  fat 
which  has  been  used  in  the  experiment.  'The  glycerine  remains  in 
a  free  state,  while  the  fatty  acid  unites  with  the  alkali  employed, 
forming  an  oleate,  margarate,  or  stearate.  This  comhination  is 
termed  a  soap,  and  the  process  by  which  it  ia  formed  is  called 
saponijicaiion.  This  process,  however,  is  not  a  simple  decomposition 
of  the  fatty  body,  since  it  can  only  take  place  in  the  presence  of 
water;  several  equivalents  of  which  unite  with  the  elements  of  the 
fatty  body,  and  enter  into  the  composition  of  the  glycerine,  &c.,  so 
that  the  fatty  acid  and  the  glycerine  together  weigh  more  than  the 
original  fatty  substance  which  was  decomposed.  It  is  not  proper, 
therefore,  to  regard  an  oleaginous  body  as  formed  by  the  union  of  a 
fatty  acid  with  glj'cerine.  It  is  formed,  on  the  contrary,  in  all  pro- 
bability, by  the  direct  combination  of  its  ultimate  chemical  elements. 
The  different  kinds  of  oil,  fat,  lard,  suet,  &c.,  contain  the  three 
oleaginous  matters  mentioned  above,  mingled  together  in  different 
proportions.  The  more  solid  fata  contain  a  larger  quantity  of 
stearine  and  margarine ;  the  leas  conaiatent  varieties,  a  larger  pro- 
portion of  oleine.  Neither  of  the  oleaginous  matters,  stearine, 
margarine,  or  oleine,  ever  occur  separately ;  but  in  every  fatty  sub- 
stance they  arc  mingled  together,  so  that  the  more  fluid  of  them  bold 
in  solution  the  more  solid. 

Generally  speaking,  in  the  ^"  "' 

living  body,  these  mixtures 
are  fluid,  or  nearly  so;  for 
though  both  stearine  and 
margarine  are  solid,  when 
pure,  at  the  ordinary  tem- 
perature of  the  body,  they 
are  held  in  solution,  during 
life,  bytheoleine  with  which 
they  are  associated.  After 
death.howevcr,  asthe  body 
oools,  the  stearine  and  mar- 
garine sometimes  separate 
ffoni  the  mixture  in  a  crys- 
talline form,  since  the  oleine  ""*»l«»  "T"*!!'""^  (lom  »  Wmid  B'<luli.>a 
can  no  longer  hold  in  solu- 
tion 80  large  a  quantity  of  them  as  it  had  dissolved  at  a  highi 
temperature. 
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Fig.  8. 


These  substances  crystallize  in  very  slender  needles^  which  are 

sometimes  straight^  but  more  often  somewhat  curved  or  wavy  in 

their  outline.  (Fig.  7.) 

They  are  always  deposited  in  a  more  or  less  radiated  form ;  and 

have  sometimes  a  very  elegant,  branched,  or  arborescent  arrange* 

ment. 

When  in  a  fluid  state,  the  &tty  substances  present  themselves 

imder  the  form  of  drops  or 
globules,  which  vary  indefi* 
nitely  in  size,  but  which 
may  be  readily  recognised 
by  their  optical  properties. 
They  are  circular  in  shape, 
and  have  a  faint  amber  color, 
distinct  in  the  larger  globules, 
less  so  in  the  smaller.  They 
have  a  sharp,  well  defined 
outline  (Fig.  8);  and  as  they 
refract  the  light  strongly, 
and  act  therefore  as  double 
convex  lenses,  they  present 
a  brilliant  centre,  surrounded 
by  a  dark  border.  These 
marks    will    generally    be 

sufl&cient  to  distinguish  them  under  the  microscope. 

The  following  list  shows  the  percentage  of  oily  matter  present  in 

various  kinds  of  animal  and  vegetable  food.^ 

QuAimTT  OF  Fat  nr  100  pabts  in 


Oliaoihofs  Prihciplbs  or   Hvmak  Fat. 
Stearine  and  Margarine  oryntallixed  ;  Oleine  fluid. 


Filberts  . 

.     60.00 

Ordinarj  meat 

.     14.30 

Walnats 

.     60.00 

Liver  of  the  ox 

.      3.89 

Coooa-uats 

.    47.00 

Cow*8  milk    . 

.      3.13 

Oliyes     . 

.    32.00 

Human  milk 

.      3.55 

Linseed 

.    22.00 

Asses'  milk  . 

.      0.1 1 

Indian  Com    . 

.      9.00 

Goats' milk  . 

.      3.32 

Tolk  of  eggs   , 

.     28.00 

The  oleaginous  matters  present  a  striking  peculiarity  as  to  the 
form  under  which  they  exist  in  the  animal  body;  a  peculiarity 
which  distinguishes  them  from  all  the  other  proximate  principle. 
The  rest  of  the  proximate  principles  are  all  intimately  associated 
together  by  molecular  union,  so  as  to  form  either  clear  solutions  or 


'  Pereira,  op.  cit.,  p.  81. 


PATS.  89 

homogeneous  solids.  Thus>  the  sugars  of  the  blood  are  in  solution 
in  water,  in  company  with  the. albumen,  the  phosphate  of  lime, 
chloride  of  sodium,  and  the  like;  all  of  them  equally  distributed 
throughout  the  entire  mass  of  the  fluid.  In  the  bones  and  car- 
tilages, the  animal  matters  and  the  calcareous  salts  are  in  similarly 
intimate  union  with  each  other ;  and  in  every  other  part  of  the 
body  the  animal  and  inorganic  ingredients  are  united  in  the  same 
way.  But  it  is  different  with  the  fats.  For,  while  the  three  prin- 
cipal varieties  of  oleaginous  matter  are  always  united  with  each 
other,  they  are  not  united  with  any  of  the  other  kinds  of  proximate 
principles ;  that  is,  with  water,  saline  substances,  sugars^  or  albu- 
minous matters.  Almost  the  only  exception  to  this  is  in  the  nerv- 
ous tissue;  in  which,  according  to  Bobin  and  Yerdeil.  the  oily 
matters  seem  to  be  united  with  an  albuminoid  substance.  Another 
exception  is,  perhaps,  in  the  bile ;  since  some  of  the  biliary  salts 
have  the  power  of  dissolving  a  certain  quantity  of  fat  Every- 
where else,  instead  of  forming  a  homogeneous  solid  or  fluid  with 
the  other  proximate  principles,  the  oleaginous  matters  are  found . 
in  distinct  masses  or  globules,  which  are  suspended  in  serous  fluids, 
interposed  in  the  interstices  between  the  anatomical  elements,  in- 
cluded in  the  interior  of  cells,  or  deposited  in  the  substance  of 
fibres  or  membranes.  Even  in  the  vegetable  tissues,  the  oil  is 
always  deposited  in  this  manner  in  distinct  drops  or  granules. 

Owing  to  this  fact>  the  oils  can  be  easily  extracted  from  the 
organized  tissues  by  the  employment  of  simply  mechanical  pro- 
cesses. The  tissues,  animal  or  vegetable,  are  merely  cut  into  small 
pieces  and  subjected  to  pressure,  by  which  the  oil  is  forced  out 
from  the  parts  in  which  it  was  entangled,  and  separated,  without 
any  further  manipulation,  in  a  state  of  purity,  A  moderately 
elevated  temperature  facilitates  the  operation  by  increasing  the 
fluidity  of  the  oleaginous  matter ;  but  no  other  chemical  agency  is 
required  for  its  separation.  Under  the  microscope,  also,  the  oil- 
drops  and  granules  can  be  readily  perceived  and  distinguished 
from  the  remaining  parts  of  the  tissue,  and  can,  moreover,  be 
easily  recognized  by  the  dissolving  action  of  ether,  which  acts 
upon  them,  as  a  general  rule,  without  attacking  the  other  proxi- 
mate principles. 

Oils  are  found,  in  the  animal  body,  most  abundantly  in  the 
adipose  tissue.  Here  they  are  contained  in  the  interior  of  the 
adipose  vesicles,  the  cavities  of  which  they  entirely  fill,  in  a  state 
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of  bealtli.    These  Tesiclee  are  transparect,  and  liave  a  aomewhat 
angakr  form,  owiog  to  their  mutual  compression.  (Fig,  9.)    Tbey 
vary  in  diameter,  in  the  ha- 
'■  '  man  subject,  from  ^^g  to  jJb 

of  an  inch,  and  are  composed 
of  a  thin,  atmctureleas  ani- 
mal membrane  forming  a 
closed  sac,  in-the  interior  of 
wbich  the  oilj  matter  ib  ooq- 
tained.  There  is  here,  accord- 
ingly, no  union  whatever  of 
the  oil  with  the  other  proxi- 
mate principles,  but  only  a 
mechanical  inclusion  of  it  in 
the  interior  of  the  vesicles. 
Sometimes,  when  emaciation 
is  going  on,  the  oil  partially 
disappears  from  the  cavity  of 
the  adipose  vesicle,  and  its  place  is  taken  by  a  watery  serum ;  but 
the  serous  and  oily  fluids  always  remain  distinct^  and  occupy  difier- 
ent  parts  of  the  cavity  of  the  vesicle. 

In  the  chyle,  the  oleaginous  matter  ia  in  a  state  of  emvlnon  or 
I  the  form  of  minute  particles  in  a  serous  fluid.     Its 
subdivision  is  here  more  com- 
Fig.  10.  plete,  and  its  molecules  more 

minute,  than  anywhere  else 
in  the  body.  It  presents  the 
appearance  of  a  fine  granular 
dust,  which  has  been  known 
by  the  name  of  the  "molecu- 
lar base  of  the  chyle."  A 
few  of  these  granules  are  to 
be  seen  which  measure  Tnino 
of  an  inch  in  diameter;  but 
they  are  generally  much  less 
than  this,  and  the  greater  part 
are  so  small  that  they  cannot 
be  accurately  measured.  (Fig. 
from  iti<  Don.  ^'^■)     ^'^^   "*^  same  reason 

they  do  not  present  the  bril- 
liant centre  and  dark  border  of  the  larger  oil-globules ;  but  appear 
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bj  transmitted  light  only  as  minute  dark  granules.  The  white 
color  and  opacity  of  the  chyle,  as  of  all  other  fatty  emulsions, 
depend  upon  this  molecular  condition  of  the  oily  ingredients.  The 
albumen,  salts,  &c^  which  are  in  intimate  union  with  each  other, 
and  in  solution  in  the  water,  would  alone  make  a  colorless  and 
transparent  fluid ;  but  the  oily  matters,  suspended  in  distinct  par- 
ticles, which  have  a  difiTerent  refractive  power  from  the  serous  fluid, 
interfere  with  its  transparency 
and  give  it  the  white  color  and  ^^*  ^^• 

opaque  appearance  which  are 
characteristic  of  emulsions. 
The  oleaginous  nature  of  these 
particles  is  readily  shown  by 
their  solubility  in  ether. 

In  the  milk,  the  oily  matter 
occurs  in  larger  masses  than 
in  the  chyle.  In  cow^s  milk 
(Fig.  11),  these  oil-drops,  or 
''milk-globules,"  are  not  quite 
fluid,  but  have  a  pasty  con- 
sistency, owing  to  the  large 
quantity  of  margarine  which 
they  contain,  in  proportion  to 

the  oleine.  When  forcibly  amalgamated  with  each  other  and 
collected  into  a  mass  by  prolonged  beating  or  churning,  they  con- 
stitute butter.    In  cow^s  milk, 


OL0B0I.K4  OP  Cow*a  Milk. 


the  globules  vary  somewhat 
in  size,  but  their  average 
diameter  is  ^x^Viy  ^^  ^^  inch. 
They  are  simply  suspended 
in  the  serous .  fluid  of  the 
milk,  and  are  not  covered 
with  any  albuminous  mem- 
brane. 

In  the  cells  of  the  laryn- 
geal, tracheal,  and  costal  car- 
tilages (Fig.  12),  there  is 
always  more  or  less  fat  de- 
posited in  the  form  of  rounded 

globules,  somewhat  similar  to 

those  of  the  milk« 


Pig.  12. 


Crm.r  op  Coht  al  Caktilauks.  eoutainVng  Oil- 
Glvbuletf.    Uumiia. 
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In  the  glandular  cells  of  the  liver,  oil  occurs  constantly,  in  a 

state  of  health.    It  is  here  deposited  in  the  substance  of  the  cell 
(Fig.13),  generally  in  smaller 
^8'  '■'■  globules  than  the  precedinfi;. 

Id  some  cases  of  disease  it 
accumulates  in  excessive 
quantity,  and  produces  the 
state  known  aa  fatty  d^ene- 
ration  of  the  liver.  This  is 
consequently  only  an  ex- 
aggerated condition  of  that 
which  normally  exists  in 
health. 

In  the  carnivorous  animals 
oil  exists  in  considerable 
quantity  in  the  conroluted 
portion  of  the  nriniferous 
tubules.  (Fig.14.)  It  is  here 

in  the  form  of  granules  and  rounded  drops,  which  sometimes  appear 

to  fill  nearly  the  whole  calibre  of  the  tubules. 
It  is  found  also  in  the  secreting  cells  of  the  sebaceous  and  other 
glandules,  deposited  in  the 
'''^■J*'  same  manner  as  in  those  of 

the  liver,  but  in  smaller 
quantity.  It  exists,  beside, 
in  large  proportion,  in  a 
granular  form,  in  the  secre- 
tion of  the  sebaceous  gland- 
ules. 

It  occurs  abundantly  in 
the  marrow  of  the  bones, 
both  under  the  form  of  free 
oil-globules  aud  inclosed  in 
the  vesicles  of  adipose  tissue. 
It  is  found  in  considerable 
quantity  in  the  substance  of 
the  yellow  wall  of  the  corpus 
luteum,  and  is  the  immediate 

cause  of  the  peculiar  color  of  this  body. 

It  occurs  also  in   the  form  of  granules  and  oil-drops  in  the 

muscular  fibres  of  the  uterus  (Fig.  15),  in  which  it  begins  to  be 
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deposited  soon  after  delivery,  and  where  it  continues  to  be  present 
during  the  whole  period  of  the  resorption  or  involution  of  this  organ. 

In  all  these  instances,  the  oleaginous  matters  remain  distinct  in 
form  and  situation  from  the 
other  ingredients  of  the  ani-  ^'     ' 

mal  frame,  and  are  only  me- 
chanically entangled  among 
its  fibres  and  cells,  or  im- 
bedded separately  in  their 
interior. 

A  large  part  of  the  fat 
which  is  found  in  the  body 
may  be  accounted  for  by  that 
which  is  taken  in  with  the 
food,  since  oily  matter  occurs 
in  both  animal  and  vegetable 
substances.  Fat  is,  however, 
formed  in  the  body,  independ- 
ently of  what  is  introduced 
with  the  food.  This  im- 
portant fact  has  been  definitely  ascertained  by  the  experiments  of 
MM.  Dumas  and  Milne-Edwards  on  bees,'  M.  Persoz  on  geese,*  and 
finally  by  those  of  M.  Boussingault  on  geese,  ducks,  and  pigs.'  The 
observers  first  ascertained  the  quantity  of  fat  existing  in  the  whole 
body  at  the  commencement  of  the  experiment.  The  animals  were 
then  subjected  to  a  definite  nutritious  regimen,  in  which  the 
quantity  of  fatty  matter  was  duly  ascertained  by  analysis.  The 
experiments  lasted  for  a  period  varying,  in  different  instances,  from 
thirty-one  days  to  eight  months;  after  which  the  animals  were 
killed  and  all  their  tissues  examined.  The  result  of  these  investi- 
gations showed  that  considerably  more  fat  had  been  accumulated 
by  the  animal  during  the  course  of  the  experiment  than  could  be 
accounted  for  by  that  which  existed  in  the  food ;  and  placed  it 
beyond  a  doubt  that  oleaginous  substances  may  be,  and  actually 
are,  formed  in  the  interior  of  the  animal  body  by  the  decomposition 
or  metamorphosis  of  other  proximate  principles. 

It  is  not  known  from  what  proximate  principles  the  fat  is  pro- 
duced, when  it  originates  in  this  way  in  the  interior  of  the  body. 
Particular  kinds  of  food  certainly  fevor  its  production  and  accu- 


*  Annales  de  Chim.  et  de  Phya.,  3d  series,  toI.  xiv.  p.  400. 

•  Cbimie  Agricole,  Paris,  1654. 


«  Ibid.,  p.  408. 
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mulation  to  a  considerable  degree.  It  is  well  known,  for  instance, 
that  in  sugar-growing  countries,  as  in  Louisiana  and  the  West 
Indies,  during  the  few  weeks  occupied  in  gathering  the  cane  and 
extracting  the  sugar,  all  the  negroes  employed  on  the  plantations, 
and  even  the  horses  and  cattle,  that  are  allowed  to  feed  freely  on 
the  saccharine  juices,  grow  remarkably  fat;  and  that  they  again  lose 
their  superabundant  flesh  when  the  season  is  past.  Even  in  these 
instances^  however,  it  is  not  certain  whether  the  saccharine  substances 
are  directly  converted  into  fat,  or  whether  they  are  first  assimilated 
and  only  afterward  supply  the  materials  for  its  production.  The 
abundant  accumulation  of  fat  in  certain  regions  of  the  body,  and  its 
absence  in  others ;  and  more  particularly  its  constant  occurrence  in 
certain  situations  to  which  it  could  not  be  transported  by  the  blood, 
as  for  example  the  interior  of  the  cells  of  the  costal  cartilages,  the 
substance  of  the  muscular  fibres  of  the  uterus  afler  parturition,  &c^ 
make  it  probable  that  under  ordinary  conditions  the  oily  matter  is 
formed  by  decomposition  of  the  tissues  upon  the  very  spot  where 
it  subsequently  makes  its  appearance. 

In  the  female  during  lactation  a  large  part  of  the  oily  matter 
introduced  with  the  fbod,  or  formed  in  the  body,  is  discharged  with 
the  milk,  and  goes  to  the  support  of  the  infant  But  in  the  female 
in  the  intervals  of  lactation,  and  in  the  male  at  all  times,  the  oily 
matters  almost  entirely  disappear  by  decomposition  in  the  interior 
of  the  body;  since  the  small  quantity  which  is  discharged  with  the 
sebaceous  matter  by  the  skin  bears  only  an  insignificant  proportion 
to  that  which  is  introduced  daily  with  the  food. 

The  most  important  characteristic,  in  a  physiological  point  of 
view,  of  the  proximate  principles  of  the  second  class,  relates  to  their 
origin  and  their  final  destination.  Not  only  are  they  all  of  a  purely 
organic  origin,  making  their  appearance  first  in  the  interior  of  vege- 
tables ;  but  the  sugars  and  the  oils  are  formed  also,  to  a  certain  ex- 
tent, in  the  bodies  of  animals ;  continuing  to  make  their  appearance 
when  no  similar  substances,  or  only  an  insufficient  quantity  of  them, 
have  been  taken  with  the  food.  Furthermore,  when  introduced 
with  the  food,  or  formed  in  the  body  and  deposited  in  the  tissues, 
these  substances  do  not  reappear  in  the  secretions.  They,  therefore, 
for  the  most  part  disappear  by  decomposition  in  the  interior  of  the 
body.  They  pass  through  a  series  of  changes  by  which  their  es- 
sential characters  are  destroyed ;  and  they  are  finally  replaced  in 
the  circulation  by  other  substances,  which  are  discharged  with  the 
excreted  fluids. 
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CHAPTER    IV. 

PROXIMATE  PRINCIPLES  OF  THE  THIRD  CLASS. 

The  substances  belonging  to  this  class  are  very  important,  and 
form  bj  far  the  greater  part  of  the  entire  mass  of  the  body.  They 
are  derived  both  from  animal  and  vegetable  sources.  They  have 
been  known  by  the  name  of  the  ''protein  compounds''  and  the 
'*  albuminoid  substances."  The  name  organic  auhstancea  was  given 
to  them  by  Bobin  and  Yerdeil,  by  whom  their  distinguishing  pro- 
perties were  first  accurately  described.  They  have  not  only  an 
organic  origin,  in  conmion  with  the  proximate  principles  of  the 
second  class,  but  their  chemical  constitution,  their  physical  struc- 
ture and  characters,  and  the  changes  which  they  undergo,  are  all  so 
different  from  those  met  with  in  any  other  class,  that  the  term  "  or- 
ganic substances"  proper  appears  particularly  appropriate  to  them. 

Their  first  peculiarity  is  that  they  are  not  crystallizable.  They 
always,  when  pure,  assume  an  amorphous  condition,  which  is  some- 
times solid  (organic  substance  of  the  bones),  sometimes  fluid  (albu- 
men of  the  blood),  and  sometimes  semi-solid  in  consistency,  midway 
between  the  solid  and  fiuid  condition  (organic  substance  of  the 
muscular  fibre). 

Their  chemical  constitution  differs  from  that  of  bodies  of  the 
second  class,  first  in  the  fact  that  they  all  contain  the  four  chemical 
elements,  oxygen,  hydrogen,  carbon,  and  nitrogen;  while  the 
starches,  sugars,  and  oils  are  destitute  of  the  last  named  ingredient. 
The  organic  matters  have  therefore  been  sometimes  known  by  the 
name  of  the  "  nitrogenous  substances,"  while  the  sugars,  starch,  and 
oils  have  been  called  "  non-nitrogenous."  Some  of  the  organic  mat- 
ters, viz.,  albumen,  fibrin,  and  casein,  contain  sulphur  also,  as  an  in- 
gredient ;  and  others,  viz.,  the  coloring  matters,  contain  iron.«  The 
remainder  consist  of  oxygen,  hydrogen,  carbon,  and  nitrogen  alone. 

The  most  important  peculiarity,  however,  of  the  orgamo  sub- 
stances, relating  to  their  chemical  composition,  is  that  it  is  not 
definite.  That  is  to  say,  they  do  not  always  contain  precisely  the 
same  proportions  of  oxygen,  hydrogen,  carbon,  and  nitrogen.;,  but 
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the  relative  Quantities  of  these  elements  vary  within  certain  limits, 
in  different  individuals  and  at  different  times,  without  modifying,  in 
any  essential  degree,  the  peculiar  properties  of  the  animal  matters 
which  they  constitute.  This  fact  is  altogether  a  special  one,  and 
characteristic  of  organic  substances.  No  substance  having  a  definite 
chemical  composition,  like  phosphate  of  lime,  starch,  or  olein,  can 
suffer  the  slightest  change  in  its  ultimate  constitution  without  being, 
by  that  fact  alone,  totally  altered  in  its  essential  properties.  If 
phosphate  of  lime,  for  example,  were  to  lose  one  or  two  equivalents 
of  oxygen,  an  entire  destruction  of  the  salt  would  necessarily  result^ 
and  it  would  cease  to  be  phosphate  of  lime.  For  its  properties  as  a 
salt  depend  entirely  upon  its  ultimate  chemical  constitution;  and  if 
the  latter  be  changed  in  any  way,  the  former  are  necessarily  lost 

But  the  properties  which  distinguish  the  organic  substances,  and 
which  make  them  important  as  ingredients  of  the  body,  do  not 
depend  immediately  upon  their  ultimate  chemical  constitution,  and 
are  of  a  peculiar  character ;  being  such  as  are  only  manifested  in 
the  interior  of  the  living  organism.  Albumen,  therefore,  though 
it  may  contain  a  few  equivalents  more  or  less  of  oxygen  or  nitrogen, 
does  not  on  that  account  cease  to  be  albumen,  so  long  as  it  retains 
its  fluidity  and  its  aptitude  for  undergoing  the  processes  of  absorp- 
tion and  transformation,  which  characterize  it  as  an  ingredient  of 
the  living  body. 

It  is  for  this  reason  that  considerable  discrepancy  has  existed  at 
various  times  among  chemists  as  to  the  real  ultimate  composition 
of  these  substances,  different  experimenters  often  obtaining  differ- 
ent analytical  results.  This  is  not  owing  to  any  inaccuracy  in  the 
analyses,  but  to  the  fact  that  the  organic  substance  itself  really  has 
a  different  ultimate  constitution  at  different  times.  The  most  ap- 
proved formulae  are  those  which  have  been  established  by  Liebig 
for  the  following  substances : — 

Fibrin ^(^m'^m^J^iA 

Albnmen =  C,„H„,N„0,^ 

Casein ^  ^tw^m^tfiwfii 

Owing  to  the  above  mentioned  variations,  however,  the  same 
degree  of  importance  does  not  attach  to  the  quantitative  ultimate 
analysis  of  an  organic  matter,  as  to  that  of  other  substances. 

This  absence  of  a  definite  chemical  constitution  in  the  organic  sub- 
stances is  undoubtedly  connected  with  their  incapacity  for  crystalli- 
zation. It  is  also  connected  with  another  almost  equally  peculiar 
fact,  viz.,  that  although  the  organic  substances  unite  with  acids  and 
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with  alkalies^  thej  do  not  play  the  part  of  an  acid  towards  the  base, 
or  of  a  base  towards  the  acid ;  for  the  acid  or  alkaline  reaction  of  [ 
the  substance  employed  is  not  neutralized,  but  remains  as  strong  ' 
after  the  combination  as  before.    Futhermore,  the  union  does  not  < 
take  place,  so  fiir  as  can  be  ascertained,  in  any  definite  proportions. 
The  organic  substances  have,  in  fact,  no  combining  equivalent ;  and 
their  molecular  reactions  and  the  changes  which  they  undergo  in 
the  body  cannot  therefore  be  expressed  by  the  ordinary  chemical 
phrases  which  are  adapted  to  inorganic  substances.    Their  true 
characters,  as  proximate  principles,  are  accordingly  to  be  sought 
for  in  other  properties  than  those  which  depend  upon  their  exact 
ultimate  composition. 

One  of  these  characters  is  that  they  are  hygroscopic.  As  met  with 
in  different  parts  of  the  body,  they  present  different  degrees  of  con- 
sistency ;  some  being  nearly  solid,  others  more  or  less  fluid.  But  on 
being  subjected  to  evaporation  they  all  lose  water,  and  are  reduced 
to  a  perfectly  solid  form.  If  after  this  desiccation  they  be  exposed 
to  the  contact  of  moisture,  they  again  absorb  water,  swell,  and 
regain  their  original  mass  and  consistency.  This  phenomenon  is 
quite  different  from  that  of  capillary  attraction,  by  which  some  in- 
organic substances  become  moistened  when  exposed  to  the  contact 
of  water ;  for  in  the  latter  case  the  water  is  simply  entangled  me- 
chanically in  the  meshes  and  pores  of  the  inorganic  body,  while  that 
which  is  absorbed  by  the  organic  matter  is  actually  united  with  its 
substance,  and  diffused  equally  throughout  its  entire  mass.  Every 
organic  matter  is  naturally  united  in  this  way  with  a  certain  quantity 
of  water,  some  more  and  some  less.  Thus  the  albumen  of  the  blood 
is  in  union  with  so  much  water  that  it  has  the  fluid  form,  while  the 
organic  substance  of  cartilage  contains  less  and  is  of  a  firmer  con- , 
sistency.  The  quantity  of  water  contained  in  each  organic  sub- 
stance may  be  diminished  by  artificial  desiccation,  or  by  a  deficient 
supply ;  but  neither  of  them  can  be  made  to  take  up  more  than  a 
certain  amount.  Thus  if  the  albumen  of  the  blood  and  the  organic 
substance  of  cartilage  be  both  reduced  by  evaporation  to  a  similar 
degree  of  dryness  and  then  placed  in  water,  the  albumen  will  absorb 
so  much  as  again  to  become  fluid,  but  the  cartilaginous  substance 
only  so  much  as  to  regain  its  usual  nearly  solid  consistency.  Even 
where  the  organic  substance,  therefore,  as  in  the  case  of  albumen, 
becomes  fluid  under  these  circumstances,  it  is  not  exactly  a  solution 
of  it  in  water,  but  only  a  reabsorption  by  it  of  that  quantity  of  fluid 
with  which  it  is  naturally  associated. 
7 
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Another  peculiar  phenomenon  characteristic  of  organic  substances 
is  their  coagulcUion.  Those  which  are  naturally  fluid  suddenly  as- 
sumCi  under  certain  conditions,  a  solid  or  semi-solid  consistency. 
They  are  then  said  to  be  coagulated ;  and  after  coagulation  they 
cannot  be  made  to  resume  their  original  condition.  Thus  fibrin 
coagulates  on  being  withdrawn  from  the  bloodvesselsy  albumen  on 
being  subjected  to  the  temperature  of  boiling  water,  casein  on  being 
placed  in  contact  with  an  acid.  When  an  organic  substance  thus 
coagulates,  the  change  which  takes  place  is  a  peculiar  one,  and  has 
no  resemblance  to  the  precipitation  of  a  solid  substance  from  a 
watery  solution.  On  the  contrary,  the  organic  substance  merely 
assumes  a  special  condition ;  and  in  passing  into  the  solid  form  it 
retains  all  the  water  with  which  it  was  previously  united.  Albumen, 
for  example,  after  coagulation,  retains  the  same  quantity  of  water  in 
union  with  it,  which  it  held  before.  After  coagulation,  accordingly, 
this  water  may  be  driven  off  by  evaporation,  in  the  same  manner 
as  previously  ;  and  on  being  again  exposed  to  moisture,  the  organic 
matter  will  again  absorb  the  same  quantity,  though  it  wiU  not  re- 
sume the  fluid  form. 

By  coagulation,  an  organic  substance  is  permanently  altered ;  and 
though  it  may  be  afterwards  dissolved  by  certain  chemical  re-agents, 
as,  for  example,  the  caustic  alkalies,  it  is  not  thereby  restored  to  its 
original  condition,  but  only  suffers  a  still  further  alteration. 

In  many  instances  we  are  obliged  to  resort  to  coagulation  in 
order  to  separate  an  organic  substance  from  the  other  proximate 
principles  with  which  it  is  associated.  This  is  the  case,  for  example, 
with  the  fibrin  of  the  blood,  which  is  obtained  in  the  form  of  floc- 
culi,  by  beating  freshly-drawn  blood  with  a  bundle  of  rods.  But 
when  separated  in  this  way,  it  is  already  in  an  unnatural  condition, 
and  no  longer  represents  exactly  the  original  fluid  fibrin,  as  it  ex- 
isted in  the  circulating  blood.  Nevertheless,  this  is  the  only  mode 
in  which  it  can  be  examined,  as  there  are  no  means  of  bringing  it 
back  to  its  previous  condition. 

Another  important  property  of  the  organic  substances  is  that 
they  readily  excite,  in  other  proximate  principles  and  in  each  other, 
those  peculiar  indirect  chemical  changes  which  are  termed  catalyses 
or  catalytic  transformations.  That  is  to  say,  they  produce  the  changes 
referred  to,  not  directly,  by  combining  with  the  substance  which 
suffers  alteration,  or  with  any  of  its  ingredients ;  but  simply  by  their 
presence  which  induces  the  chemical  change  in  an  indirect  manner. 
Thus,  the  organic  substances  of  the  intestinal  fluids  induce  a  cata- 
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lytic  action  by  which  starch  is  converted  into  sugar.  The  albumen 
of  the  blood,  by  contact  with  the  organic  substance  of  the  muscular 
fibre,  is  transformed  into  a  substance  similar  to  it.  The  entire 
process  of  nutrition,  so  far  as  the  organic  matters  are  concerned,  / 
consists  of  such  catalytic  transformations.  Many  crystallizable  I 
substances,  which  when  pure  remain  unaltered  in  the  air,  become 
changed  if  mingled  with  organic  substances,  even  in  small  quantity. 
Thus  the  casein  of  milk,  after  being  exposed  for  a  short  time  to  a 
warm  atmosphere,  becomes  a  catalytic  body,  and  converts  the  sugar 
of  the  milk  into  lactic  acid.  In  this  change  there  is  no  loss  nor 
addition  of  any  chemical  element^  since  lactic  acid  has  precisely  the 
same  ultimate  composition  with  sugar  of  milk.  It  is  simply  a 
transformation  induced  by  the  presence  of  the  casein.  Oily  matters, 
which  are  entirely  unalterable  when  pure,  readily  become  rancid  at 
warm  temperatures,  if  mingled  with  an  organic  impurity. 

Fourthly,  The  organic  substances,  when  beginning  to  undergo 
decay,  induce  in  certain  other  substances  the  phenomena  of /<?r- 
merUation.  Thus,  the  mucus  of  the  urinary  bladder,  after  a  short 
exposure  to  the  atmosphere,  causes  the  urea  of  the  urine  to  be  con- 
verted into  carbonate  of  ammonia,  with  the  development  of  gaseous  [ 
bubbles.  The  organic  matters  of  grape  juice,  under  similar  circum- 
stances, give  rise  to  fermentation  of  the  sugar,  by  which  it  is  con- 
verted into  alcohol  and  carbonic  acid. 

Fifthly,  The  organic  substances  are  the  only  ones  capable  of 
undergoing  the  process  of  pfjUre/action.  This  process  is  a  compli- 
cated one,  and  is  characterized  by  a  gradual  liquefaction  of  the  ani- 
mal substance,  by  many  mutual  decompositions  of  the  saline  matters 
which  are  associated  with  it.  and  by  the  development  of  peculiarly 
fetid  and  unwholesome  gases,  among  which  are  carbonic  acid, 
nitrogen,  sulphuretted,  phosphoretted,  and  carburetted  hydrogen, 
and  ammoniacal  vapors.  Putrefaction  takes  place  constantly  afl«r 
death,  if  the  organic  tissue  be  exposed  to  a  moist  atmosphere  at  a 
moderately  warm  temperature.  It  is  much  hastened  by  the  presence 
of  other  organic  substances,  in  which  decomposition  has  already 
commenced. 

The  organic  substances  are  readily  distinguished,  by  the  above 
general  characters,  from  all  other  kinds  of  proximate  principles. 
They  are  quite  numerous;  nearly  every  animal  fluid  and  tissue 
containing  at  least  one  which  is  peculiar  to  itself.  They  have  not 
as  yet  been  all  accurately  described.  The  following  list,  however, 
comprises  the  most  important  of  them,  and  those  with  which  we  are 
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at  present  most  thoroaghlj  acquainted.    The  first  seven  are  fluid, 
or  nearly  so,  and  either  colorless  or  of  a  faint  yellowish  tinge. 

1.  Fibrin. — Fibrin  is  found  in  the  blood ;  where  it  exists,  in  the 
human  subject,  in  the  proportion  of  two  to  three  parts  per  thousand. 
It  is  fluid,  and  mingled  intimately  with  the  other  ingredients  of  the 
blood.  It  occurs  also,  but  in  much  smaller  quantity,  in  the  lymph. 
It  is  distinguished  by  what  is  called  its  "  spontaneous"  coagulation ; 
that  is,  it  coagulates  on  being  withdrawn  from  the  vessels,  or  on  the 
occurrence  of  any  stoppage  to  the  circulation.  It  is  rather  mora 
abundant  in  the  blood  of  some  of  the  lower  animals  than  in  that  of 
th  human  subject.  In  general,  it  is  found  in  larger  quantity  in 
the  blood  of  the  herbivora  than  in  that  of  the  camivora. 

2.  Albumen. — ^Albumen  occurs  in  the  blood,  the  lymph,  the 
fluid  of  the  pericardium,  and  in  that  of  the  serous  cavities  gene- 
rally. It  is  also  present  in  the  fluid  which  may  be  extracted  by 
pressure  from  the  muscular  tissue.  In  the  blood  it  occurs  in  the 
proportion  of  about  seventy -five  parts  per  thousand.  The  white  of 
egg,  which  usually  goes  by  the  same  name,  is  not  identical  with  the 
albumen  of  the  blood,  though  it  resembles  it  in  some  respects;  it  is 
properly  a  secretion  from  the  mucous  membrane  of  the  fowl's  ovi- 
duct, and  should  be  considered  as  a  distinct  organic  substance. 
Albumen  coagulates  on  being  raised  to  the  temperature  of  160°  F.; 
and  the  coagulum,  like  that  of  all  the  other  proximate  principles,  is 
soluble  in  caustic  potassa.  It  coagulates  also  by  contact  with  alco- 
hol, the  mineral  acids,  ferrocyanide  of  potassium  in  an  acidulated 
solution,  tannin,  and  the  metallic  salts.  The  alcoholic  coagulum,  if 
separated  from  the  alcohol  by  washing,  does  not  redissolve  in  water. 
A  very  small  quantity  of  albumen  has  been  sometimes  found  in  the 
saliva. 

3.  Casein. — This  substance  exists  in  milk,  in  the  proportion  of 
about  forty  parts  per  thousand.  It  coagulates  by  contact  with  all 
the  acids,  mineral  and  organic ;  but  is  not  aflected  by  a  boiling 
temperature.  It  is  coagulated  also  by  the  juices  of  the  stomach. 
It  is  important  as  an  article  of  food,  being  the  principal  organic 
ingredient  in  all  the  preparations  of  milk.  In  a  coagulated  form, 
it  constitutes  the  diflerent  varieties  of  cheese,  which  are  more  or 
less  highly  flavored  with  various  oily  matters  remaining  entangled 
in  the  coagulated  casein. 
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What  is  called  vegetable  casein  or  "  legumine,''  is  different  from 
the  casein  of  milk,  and  constitates  the  organic  substance  present  in 
various  kinds  of  peas  and  beans. 

4.  Globuline. — ^This  is  the  organic  substance  forming  the  prin- 
cipal mass  of  the  red  globules  of  the  blood.  It  is  nearly  fluid  in 
its  natural  condition,  and  readilj  dissolves  in  water.  It  does  not 
dissolve,  however,  in  the  serum  of  the  blood ;  and  the  globules, 
therefore,  retain  their  natural  form  and  consistency,  unless  the 
serum  be  diluted  with  an  excess  of  water.  Globuline  resembles 
albumen  in  coagulating  at  the  temperature  of  boiling  water.  It  is 
said  to  differ  from  it,  however,  in  not  being  coagulated  by  contact 
with  alcohoL 

5.  PsPSiNE. — This  substance  occurs  as  an  ingredient  in  the  gas- 
tric juice.  It  is  not  the  same  substance  which  Schwann  extracted 
by  maceration  from  the  mucous  membrane  of  the  stomach,  and 
which  is  regarded  by  Robin,  Bernard,  &C.,  as  only  an  artificial  pro- 
duct of  the  alteration  of  the  gastric  tissues.  There  seems  no  good 
reason,  furthermore,  why  we  should  not  designate  by  this  name  the 
organic  substance  which  really  exists  in  the  gastric  juice.  It  occurs 
in  this  fluid  in  very  small  quantity,  not  over  fifteen  parts  per 
thousand.  It  is  coagulable  by  heat,  and  also  by  contact  with  alco- 
hoL But  if  the  alcoholic  coagulum  be  well  washed,  it  is  again 
soluble  in  a  watery  acidulated  fluid. 

6.  Pancbeatinb. — This  is  the  organic  substance  of  the  pancreatic 
juice,  where  it  occurs  in  great  abundance.  It  coagulates  by  heat, 
and  by  contact  with  sulphate  of  magnesia  in  excess.  In  its  natural 
condition  it  is  fluid,  but  has  a  considerable  degree  of  viscidity. 

7.  MuscosiNE  is  the  organic  substance  which  is  found  in  the  dif- 
ferent varieties  of  mucus,  and  which  imparts  to  them  their  viscidity 
and  other  physical  characters.  Some  of  these  mucous  secretions 
are  so  mixed  with  other  fluids,  that  their  consistency  is  more  or  less 
diminished ;  others,  which  remain  pure,  like  that  secreted  by  the 
mucous  follicles  of  the  cervix  uteri,  have  nearly  a  semi-solid  con- 
^stency.  But  little  is  known  with  regard  to  their  other  specific 
characters. 

The  next  three  organic  substances  are  solid  or  semi-solid  in  con- 
sistency. 
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8.  Osteins  is  the  organic  substance  of  the  bones»  in  which  it  is 
associated  with  a  large  proportion  of  phosphate  of  lime.  It  exists^ 
in  those  bones  which  have  been  examined,  in  the  proportion  of 
about  two  hundred  parts  per  thousand.  It  is  this  substance  which 
by  long  boiling  of  the  bones  is  transformed  into  gelatine  or  glue. 
In  its  natural  condition,  however,  it  is  insoluble  in  water,  even  at 
the  boiling  temperature,  and  becomes  soluble  only  after  it  has  been 
permanently  altered  by  ebullition. 

9.  Cabtilagike. — This  forms  the  organic  ingredient  oF  cartilage. 
Like  that  of  the  bones,  it  is  altered  by  long  boiling,  and  is  converted 

,   into  a  peculiar  kind  of  gelatine  termed  ''chondrine."    Chondrine  ' 
/    differs  from  the  gelatine  of  bones  principally  in  being  precipitated 

by  acids  and  certain  metallic  salts  which  have  no  effect  on  the  latter. 

Gartilagine,  in  its  natural  condition,  is  very  solid,  and  is  closely 

united  with  the  calcareous  salts. 

10.  MuscULiNE. — This  substance  forms  the  principal  mass  of  the 
muscular  fibre.  It  is  semi-solid,  and  insoluble  in  water,  but  soluble 
in  dilute  muriatic  acid,  from  which  it  may  be  again  precipitated  by 
neutralizing  with  an  alkali.  It  closely  resembles  albumen  in  its 
chemical  composition,  and  like  it,  contains,  according  to  Scherer, 
two  equivalents  of  sulphur. 

The  four  remaining  organic  substances  form  a  somewhat  peculiar 
group.  They  are  the  coloring  matters  of  the  body.  They  exist 
always  in  small  quantity,  compared  with  the  other  ingredients,  but 
communicate  to  the  tissues  and  fluids  a  very  distinct  coloration. 
They  all  contain  iron  as  one  of  their  ultimate  elements. 

11.  H^MATINE  is  the  coloring  matter  of  the  red  globules  of  the 
blood.  It  is  nearly  fluid  like  the  globuline,  and  is  united  with  it 
in  a  kind  of  mutual  solution.  It  is  much  less  abundant  than  the 
globuline,  and  exists  in  the  proportion  of  about  one  part  of  hsema- 
tine  to  seventeen  parts  of  globuline.  The  following  is  the  formula 
for  its  composition  which  is  adopted  by  Lehmann : — 

Hsmatine ■■  C^^EJffi^Ve, 

When  the  blood-globules  from  any  cause  become  disintegrated,  the 
hssmatine  is  readily  imbibed  after  death  by  the  walls  of  the  blood- 
vessels and  the  neighboring  parts,  staining  them  of  a  deep  red 
color.    This  coloration  has  sometimes  been  mistaken  for  an  evidence 
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of  arteritis ;  but  is  really  a  simple  effect  of  post-mortem  imbibition, 
as  above  stated. 

12.  Melanine. — ^This  is  the  blackish-brown  coloring  matter 
which  is  found  in  the  choroid  coat  of  the  eye,  the  iris,  the  hair,  and 
more  or  less  abundantly  in  the  epidermis.  So  far  as  can  be  ascer- 
tained, the  coloring  matter  is  the  same  in  all  these  situations.  It  is 
very  abundant  in  the  black  and  brown  races^  less  so  in  the  yellow 
and  white,  but  is  present  to  a  certain  extent  in  all.  Even  where 
the  tinges  produced  are  entirely  different,  as,  for  example,  in  brown 
and  blue  eyes^  the  coloring  matter  appears  to  be  the  same  in  cha- 
racter, and  to  vary  only  in  its  quantity  and  the  mode  of  its  arrange- 
ment; for  the  tinge  of  an  animal  tissue  does  not  depend  on  its 
local  pigment  only,  but  also  on  the  muscular  fibres,  fibres  of  areolar 
tissue,  capillary  bloodvessels,  &c  All  these  ingredients  of  the 
tissue  are  partially  transparent,  and  by  their  mutual  interlacement 
and  superposition  modify  more  or  less  the  effect  of  the  pigment 
which  is  deposited  below  or  among  them. 

Melanine  is  insoluble  in  water  and  the  dilute  acids,  but  dissolves 
slowly  in  caustic  potassa.  Its  ultimate  composition  resembles  that 
of  h£dmatine,  but  the  proportion  of  iron  is  smaller. 

13.  BiLlVEBDiNE  is  the  coloring  matter  of  the  bile.  It  is  yellow 
by  transmitted  lights  greenish  by  reflected  light  On  exposure  to 
the  air  in  its  natural  fluid  condition,  it  absorbs  oxygen  and  assumes 
a  bright  grass-green  color.  The  same  efiect  is  produced  by  treating 
it  with  nitric  acid  or  other  oxidizing  substances.  It  occurs  in  very 
small  quantity  in  the  bile,  from  which  it  may  be  extracted  by  pre- 
cipitating it  with  milk  of  lime  (Robin),  from  which  it  is  afterwardj 
separated  by  dissolving  out  the  lime  with  muriatic  acid.  Obtained' 
in  this  form,  however,  it  is  insoluble  in  water,  having  been  coagu- 
lated by  contact  with  the  calcareous  matter ;  and  is  not»  therefore, 
precisely  in  its  original  condition. 

14.  Ubosacine  is  the  yellowish-red  coloring  matter  of  the  urine. 
It  consists  of  the  same  ultimate  elements  as  the  other  coloring  mat- 
ters, but  occurs  in  the  urine  in  such  minute  quantity,  that  the 
relative  proportion  of  its  elements  has  never  been  determined.  It 
readily  adheres  to  insoluble  matters  when  they  are  precipitated  from 
the  urine,  and  is  consequently  found  almost  always,  to  a  greater  or 
less  extent^  as  an  ingredient  in  urinary  calculi  formed  of  the  urates 
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or  of  uric  acid.  When  the  urates  are  thrown  down  also  in  the  form 
of  a  powder,  as  a  urinary  deposit^  they  are  usually  colored  more  or 
less  deeply,  according  to  the  quantity  of  urosacine  which  is  preci- 
pitated with  them. 

The  organic  substances  which  exist  in  the  body  require  for  their 
production  an  abundant  supply  of  similar  substances  in  the  food. 
All  highly  nutritious  articles  of  diet,  therefore,  contain  more  or  less 
of  these  substances.  Still,  though  nitrogenous  matters  must  be 
abundantly  supplied,  under  some  form,  from  without,  yet  the  par- 
ticular kinds  of  organic  substances,  characteristic  of  the  tissues,  are 
formed  in  the  body  by  a  transformation  of  those  which  are  intro- 
duced with  the  food.  The  organic  matters  derived  from  vegetablesy 
though  similar  in  their  general  characters  to  those  existing  in  the 
animal  body,  are  yet  specifically  different.  The  gluten  of  wheats 
the  legumine  of  peas  and  beans,  are  not  the  same  with  animal  albu- 
men and  fibrin.  The  only  organic  substances  taken  with  animal 
food,  as  a  general  rule,  are  the  albumen  of  eggs,  the  casein  of  milk, 
and  the  musculine  of  flesh;  and  even  these,  in  the  food  of  the 
human  species,  are  so  altered  and  coagulated  by  the  process  of 
cooking,  as  to  lose  their  specific  characters  before  being  introduced 
into  the  alimentary  canal.  They  are  still  further  changed  by  the 
process  of  digestion,  and  are  absorbed  under  another  form  into  the 
blood.  But  from  their  subsequent  metamorphoses  there  are  formed, 
in  the  different  parts  of  the  body,  osteine,  cartilagine,  hsematine, 
globuline,  and  all  the  other  varieties  of  organic  matter  that  cha- 
racterize the  different  tissues.  These  varieties,  therefore,  originate 
as  such  in  the  animal  economy  by  the  catalytic  changes  which  the  •. 
ingredients  of  the  blood  undergo  in  nutrition. 

Only  a  very  small  quantity  of  organic  matter  is  discharged 
with  the  excretions.  The  coloring  matters  of  the  bile  and  urine, 
and  the  mucus  of  the  urinary  bladder,  are  almost  the  only  ones 
that  find  an  exit  from  the  body  in  this  way.  There  is  a  minute 
^  quantity  of  organic  matter  exhaled  in  a  volatile  form  with  the 
*  breath,  and  a  little  also,  in  all  probability,  from  the  cutaneous  sur- 
face. But  the  entire  quantity  so  discharged  bears  but  a  very  small 
proportion  to  that  which  is  daily  introduced  with  the  food.  The 
organic  substances,  therefore,  are  decomposed  in  the  interior  of  the 
body.  They  are  transformed  by  the  process  of  destructive  assimi- 
lation, and  their  elements  are  finally  eliminated  and  discharged 
under  other  forms  of  combination. 
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Under  the  term  "food"  are  included  all  those  substances,  solid 
and  liquid,  which  are  necessary  to  sustain  the  process  of  nutrition. 
The  first  act  of  this  process  is  the  absorption  from  without  of  all 
those  materials  which  enter  into  the  composition  of  the  living  frame, 
or  of  others  which  may  be  converted  into  them  in  the  interior  of 
the  body. 

The  proximate  principles  of  the  first  class,  or  the  "inorganic 
substances,''  require  to  be  supplied  in  sufficient  quantity  to  keep  up 
the  natural  proportion  in  which  they  exist  in  the  various  solids  and 
fluids.  As  we  have  found  it  to  be  characteristic  of  these  substances, 
except  in  a  few  instances,  that  they  sufier  no  alteration  in  the  in- 
terior of  the  body,  but,  on  the  contrary,  are  absorbed,  deposited  in 
its  tissue,  and  pass  out  of  it  afterward  unchanged,  nearly  every  one 
of  them  requires  to  be  present  under  its  own  proper  form,  and  in 
sufficient  quantity  in  the  food.  The  alkaline  carbonates,  which 
are  formed,  as  we  have  seen,  by  a  decomposition  of  the  malates, 
citrates  and  tartrates,  constitute  almost  the  only  exception  to  this 
rule. 

Since  water  enters  so  largely  into  the  composition  of  nearly  every 
part  of  the  body,  it  is  equally  important  as  an  ingredient  of  the 
food.  In  the  case  of  the  human  subject,  it  is  probably  the  most 
important  substance  to  be  supplied  with  constancy  and  regularity, 
and  the  system  sufiers  more  rapidly  when  entirely  deprived  of 
fluids,  than  when  the  supply  of  solid  food  only  is  withdrawn.  A 
man  may  pass  eight  or  ten  hours,  for  example,  without  solid  food, 
and  suffer  little  or  no  inconvenience ;  but  if  deprived  of  water  for 
the  same  length  of  time,  he  becomes  rapidly  exhausted,  and  feels 
the  deficiency  in  a  very  marked  degree.  Magendie  found,  in  his 
experiments  on  dogs  subjected  to  inanition,*  that  if  the  animals 

1  Comptes  Rendas,  toI.  xiH.  p.  256. 
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were  supplied  with  water  alone  thej  lived  six,  eighty  and  even  ten 
days  longer  than  if  they  were  deprived  at  the  same  time  of  both 
solid  and  liquid  food.  Chloride  of  sodium,  also,  is  usually  added 
to  the  food  in  considerable  quantity,  and  requires  to  be  supplied 
with  tolerable  regularity ;  but  the  remaining  inorganic  materials, 
such  as  calcareous  salts,  the  alkaline  phosphates,  &C.,  occur  natu- 
rally in  sufficient  quantity  in  most  of  the  articles  which  are  used  as 
food. 

The  proximate  principles  of  the  second  class,  so  far  as  they  con- 
stitute ingredients  of  the  food,  are  naturally  divided  into  two 
groups :  1st,  the  sugar,  and  2d,  the  oily  matters.  Since  starch  is 
always  converted  into  sugar  in  the  process  of  digestion,  it  may  be 
included,  as  an  alimentary  substance,  in  the  same  group  with  the 
sugars.  There  is  a  natural  desire  in  the  human  species  for  both 
saccharine  and  oleaginous  food.  In  the  purely  carnivorous  animals, 
however,  though  no  starch  or  sugar  be  taken,  yet  the  body  is  main- 
tained in  a  healthy  condition.  It  has  been  supposed,  therefore,  that 
saccharine  matters  could  not  be  absolutely  necessary  as  food ;  the 
more  so  since  it  has  been  found,  by  the  experiments  of  CI.  Bernard, 
that,  in  carnivorous  animals  kept  exclusively  on  a  diet  of  flesh, 
sugar  is  still  formed  in  the  liver,  as  well  as  in  the  mammary  gland. 
The  above  conclusion,  however,  which  has  been  drawn  from  these 
&cts,  does  not  apply  practically  to  the  human  species.  The  car- 
nivorous animals  have  no  desire  for  vegetable  food,  while  in  the 
human  species  there  is  a  natural  craving  for  it,  which  is  almost 
universal.  It  may  be  dispensed  with  for  a  few  days,  but  not  with 
impunity  for  any  great  length  of  time.  The  experiment  has  often 
enough  been  tried.  In  the  treatment  of  diabetes,  of  confining  the 
patient  to  a  strictly  animal  diet.  It  has  been  invariably  found  that, 
if  this  regimen  be  continued  for  some  weeks,  the  desire  for  vegetable 
food  on  the  part  of  the  patient  becomes  so  imperative  that  the  plan 
of  treatment  is  unavoidably  abandoned. 

A  similar  question  has  also  arisen  with  regard  to  the  oleaginous 
matters.  Are  these  sub^nces  indispensable  as  ingredients  of  the 
food,  or  may  they  be  replaced  by  other  proximate  principles,  such 
as  starch  or  sugar  ?  It  has  already  been  seen,  from  the  experiments 
of  Boussingault  and  others,  that  a  certain  amount  of  fat  is  produced 
in  the  body  over  and  above  that  which  is  taken  with  the  food ;  and 
it  appears  also  that  a  regimen  abounding  in  saccharine  substances 
is  favorable  to  the  production  of  fat.  It  is  altogether  probable, 
therefore,  that  the  materials  for  the  production  of  fat  may  be 
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derived,  under  these  circumstances^  either  directly  or  indirectly 
from  saccharine  matters.  But  saccharine  matters  alone  are  not 
entirely  sufficient  M.  Huber*  thought  he  had  demonstrated  that 
bees  ted,  on  pure  sugar  would  produce  enough  wax  to  show  that 
the  sugar  could  supply  all  that  was  necessary  to  the  formation  of 
the  fatty  matter  of  the  wax.  Dumas  and  Milne-Edwards,  however, 
in  repeating  Huber's  experiments,'  found  that  this  was  not  the  case. 
Beesy  fed  on  pure  sugar,  soon  cease  to  work,  and  sometimes  perish 
in  considerable  numbers;  but  if  fed  with  honey,  which  contains 
some  waxy  and  other  matters  beside  the  sugar,  they  thrive  upon 
it ;  and  produce,  in  a  given  time,  a  much  larger  quantity  of  £Ett 
than  was  contained  in  the  whole  supply  of  food. 

The  same  thing  was  established  by  Boussingault  with  regard  to 
starchy  matters.  He  found  that  in  fattening  pigs^  though  the 
quantity  of  £ait  accumulated  by  the  animal  considerably  exceeded 
that  contained  in  the  food,  yet  &t  must  enter  to  some  extent  into 
the  composition  of  the  food  in  order  to  maintain  the  animals  in  a 
good  condition ;  for  pigs,  fed  on  boiled  potatoes  alone  (an  article 
abounding  in  starch  but  nearly  destitute  of  oily  matter),  fattened 
slowly  and  with  great  difficulty ;  while  those  fed  on  potatoes  mixed 
with  a  greasy  fluid  fattened  readily,  and  accumulated,  as  mentioned 
above,  much  more  fat  than  was  contained  in  the  food. 

The  apparent  discrepancy  between  these  feusts  may  be  easily  ex- 
plained, when  we  recollect  that,  in  order  that  the  animal  may  become 
&ttened,  it  is  necessary  that  he  be  supplied  not  only  with  the 
materials  of  the  &t  itself,  but  also  with  everything  else  which  is 
necessary  to  maintain  the  body  in  a  healthy  condition.  Oleaginous 
matter  is  one  of  these  necessary  substances.  The  fats  which  are 
taken  in  with  the  food  are  not  destined  to  be  simply  transported 
into  the  body  and  deposited  there  unchanged.  On  the  contrary, 
they  are  altered  and  used  up  in  the  processes  of  digestion  and 
nutrition ;  while  the  fats  which  appear  in  the  body  as  constituents 
of  the  tissues  are,  in  great  part,  of  new  formation,  and  are  produced 
from  materials  derived,  perhaps,  from  a  variety  of  different  sources. 

It  is  certain,  then,  that  either  one  or  the  other  of  these  two 
groups  of  substances,  saccharine  or  oleaginous,  must  enter  into  the 
composition  of  the  food ;  and  furthermore,  that,  though  the  oily 
matters  may  sometimes  be  produced  in  the  body  from  the  sugars, 

I  Natural  Historj  of  Bees,  Edinburgh,  1821,  p.  330. 

'  i^nnales  de  Ckim.  et  de  Fhyu,,  3d  series,  vol.  xir.  p.  400. 
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it  is  also  necessary  for  the  perfect  nutrition  of  the  body  that  fat  be 
supplied,  under  its  own  form,  with  the  food.  For  the  human 
species,  also,  it  is  natural  to  have  them  both  associated  in  the 
alimentary  materiids.  They  occur  together  in  most  vegetable  sub- 
stances, and  there  is  a  natural  desire  for  them  both,  as  elements  of 
the  food. 

They  are  not,  however,  when  alone,  or  even  associated  with  each 
other,  sufficient  for  the  nutrition  of  the  animal  body.  Magendie 
found  that  dogs,  fed  exclusively  on  starch  or  sugar,  perished  after  a 
short  time  with  symptoms  of  profound  disturbance  of  the  nutritive 
functions.  An  exclusive  diet  of  butter  or  lard  had  a  similar  effect. 
The  animal  became  exceedingly  debilitated,  though  without  much 
emaciation;  and  after  death,  all  the  internal  organs  and  tissues 
were  found  infiltrated  with  oil.  Boussingault*  performed  a  similar 
experiment,  with  a  like  result^  upon  a  duck,  which  was  kept  upon 
an  exclusive  regimen  of  butter.  "The  duck  received  1850  to  1500 
grains  of  butter  every  day.  At  the  end  of  three  weeks  it  died  of 
inanition.  The  butter  oozed  from  every  part  of  its  body.  The 
feathers  looked  as  though  they  had  been  steeped  in  melted  butter, 
and  the  body  exhaled  an  unwholesome  odor  like  that  of  butyric 
acid." 

Lehmann  was  also  led  to  the  same  result  by  some  experiments 
which  he  performed  upon  himself  for  the  purpose  of  ascertaining 
the  effect  produced  on  the  urine  by  different  kinds  of  food.* 
This  observer  confined  himself  first  to  a  purely  animal  diet  for 
three  weeks,  and  afterwards  to  a  purely  vegetable  one  for  sixteen 
days,  without  suffering  any  marked  inconvenience.  He  then  put 
himself  upon  a  regimen  consisting  entirely  of  non-nitrogenous  sub- 
stances, starch,  sugar,  gum,  and  oil,  but  was  only  able  to  continue 
this  diet  for  two,  or  at  most  for  three  days,  owing  to  the  marked 
disturbance  of  the  general  health  which  rapidly  supervened.  The 
unpleasant  symptoms,  however,  immediately  disappeared  on  his 
return  to  an  ordinary  mixed  diet.  The  same  fact  has  been  esta- 
blished more  recently  by  Prof.  Wm.  A.  Hammond,*  in  a  series  of 
experiments  which  he  performed  upon  himself.  He  was  enabled 
to  live  for  ten  days  on  a  diet  composed  exclusively  of  boiled  starch 
and  water.    After  the  third  day,  however,  the  general  health  began 

'  Chimie  Acrrioolf^,  p.  166. 

*  Journal  fQr  prakti^che  ChAinie,  vol.  xxTf{.  p.  2.*>7. 

*  Exp«riin«ntal  Resoarches,  &c.,  being  the  Prize  E^saj  of  tlie  American  Medical 
Afltfociation  for  1857. 
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to  deteriorate,  and  became  very  much  disturbed  before  the  termi- 
nation of  the  experiment.  The  prominent  symptoms  were  debility, 
headache,  pyrosis,  and  palpitation  of  the  heart.  After  the  starchy 
diet  was  abandoned,  it  required  some  days  to  restore  the  health  to 
its  usual  condition. 

The  proximate  principles  of  the  third  class»  or  the  organic  sub- 
stances proper,  enter  so  largely  into  the  con3titution  of  the  animal 
tissues  and  fluids,  that  their  importance,  as  elements  of  the  food,  is  * 
easily  understood.  No  food  can  be  long  nutritious,  unless  a  certain 
proportion  of  these  substances  be  present  in  it.  Since  they  are  so 
abundant  as  ingredients  of  the  body,  their  loss  or  absence  from  the 
food  is  felt  more  speedily  and  promptly  than  that  of  any  other  sub- 
stance except  water.  They  have,  therefore,  sometimes  received  the 
name  of  "nutritious  substances,"  in  contradistinction  to  those  of 
the  second  class,  which  contain  no  nitrogen,  and  which  have  been 
found  by  the  experiments  of  Magendie  and  others  to  be  insufficient 
for  the  support  of  life.  The  organic  substances,  however,  when 
taken  alone,  are  no  more  capable  of  supporting  life  indefinitely  than 
the  others.  It  was  found  in  the  experiments  of  the  French  "  Gela- 
tine (Commission"'  that  animals  fed  on  pure  fibrin  and  albumen,  as 
well  as  those  fed  on  gelatine,  become,  after  a  short  time,  much  en- 
feebled, refuse  the  food  which  is  offered  to  them,  or  take  it  with 
reluctance,  and  finally  die  of  inanition.  This  result  has  been 
explained  by  supposing  that  these  substances,  when  taken  alone, 
excite  after  a  time  such  disgust  in  the  animal  that  they  are  either 
no  longer  taken,  or  if  taken  are  not  digested.  But  this  disgust 
itself  is  simply  an  indication  that  the  substances  used  are  insufiicient 
and  finally  useless  as  articles  of  food,  and  that  the  system  demands 
instinctively  other  materials  for  its  nourishment. 

The  instinctive  desire  of  animals  for  certain  substances  is  the 
surest  indication  that  they  are  in  reality  required  for  the  nutritive 
process;  and  on  the  other  hand,  the  indifference  or  repugnance 
manifested  for  injurious  or  useless  substances,  is  an  equal  evidence 
of  their  unfitness  as  articles  of  food.  This  repugnance  is  well  de- 
scribed by  Magendie,  in  the  report  of  the  commission  above  alluded 
to,  while  detailing  the  result  of  his  investigations  on  the  nutritive 
qualities  of  gelatine.  "  The  result,"  he  says,  "  of  these  first  trials 
was  that  pure  gelatine  was  not  to  the  taste  of  the  dogs  experimented 
on.     Some  of  them  suffered  the  pangs  of  hunger  with  the  gelatine 

'  Comptes  Rendas,  1841,  vol.  xiii.  p.  2  7. 
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within  their  reach,  and  would  not  touch  it ;  others  tasted  of  it^  but 
would  not  eat ;  others  still  devoured  a  certain  quantity  of  it  onoe 
or  twice,  and  then  obstinately  refused  to  make  any  further  use  of  it" 

In  one  instance,  however,  Magendie  succeeded  in  inducing  a  dog 
to  take  a  considerable  quantity  of  pure  fibrin  daily  throughout  the 
whole  course  of  the  experiment;  but  notwithstanding  this,  the 
animal  became  emaciated  like  the  others,  and  died  at  last  with  the 
same  symptoms  of  inanition. 

The  alimentary  substances  of  the  second  class,  however,  viz.,  the 
sugars  and  the  oils,  have  been  sometimes  thought  less  important 
than  the  albuminous  matters,  because  they  do  not  enter  so  largely 
or  so  permanently  into  the  composition  of  the  solid  tissues.  The 
saccharine  matters,  when  taken  as  food,  cannot  be  traced  farther 
than  the  blood.  They  undergo  already,  in  the  circulating  fluid, 
i  some  change  by  which  their  essential  character  is  losty  and  they 
cannot  be  any  longer  recognized.  The  appearance  of  sugar  in  the 
mammary  gland  and  the  milk  is  only  exceptional,  and  does  not 
occur  at  all  in  the  male  subject.  The  fats  are,  it  is  true,  very  gene- 
rally distributed  throughout  the  body,  but  it  is  only  in  the  brain 
and  nervous  matter  that  they  exist  intimately  united  with  the  re- 
maining ingredients  of  the  tissues.  Elsewhere,  as  already  mentioned, 
they  are  deposited  in  distinct  drops  and  granules,  and  so  long  as 
they  remain  in  this  condition  must  of  course  be  inactive,  so  far  as 
regards  any  chemical  nutritive  process.  In  this  condition  they 
seem  to  be  held  in  reserve,  ready  to  be  absorbed  by  the  blood, 
whenever  they  may  be  required  for  the  purposes  of  nutrition.  On 
being  reabsorbed,  however,  as  soon  as  they  again  enter  the  blood 
or  unite  intimately  with  the  substance  of  the  tissues,  they  at  once 
change  their  condition  and  lose  their  former  chemical  constitution 
and  properties. 

It  is  for  these  reasons  that  the  albuminoid  matters  have  been 
sometimes  considered  as  the  only  "  nutritious"  substances,  because 
they  alone  constitute  under  their  own  form  a  great  part  of  the 
ingredients  of  the  tissues,  while  the  sugars  and  the  oils  rapidly  dis- 
appear by  decomposition.  It  has  even  been  assumed  that  the  pro- 
cess by  which  the  sugar  and  the  oils  disappear  is  one  of  direct 
combustion  or  oxidation,  and  that  they  are  destined  solely  to  be 
consumed  in  this  way,  not  to  enter  at  all  into  the  composition  of 
the  tissues  but  only  to  maintain  the  heat  of  the  body  by  an  inces- 
sant process  of  combustion  in  the  blood.  They  have  been  therefore 
termed  the  "combustible"  or  "heat-producing"  elements,  while  the 
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albuminoid  substances  were  known  as  the  nutritious  or  "  plastic" 

elements. 

This  distinction,  however,  has  no  real  foundation.  In  the  first 
place,  it  is  not  at  all  certain  that  the  sugars  and  the  oils  which  dis- 
appear in  the  body  are  destroyed  by  combustion.  This  is  merely 
an  inference  which  has  been  made  without  any  direct  proof.  All 
we  know  positively  in  regard  to  the  matter  is  that  these  substances 
soon  become  so  altered  in  the  blood  that  they  can  no  longer  be 
recognized  by  their  ordinary  chemical  properties ;  but  we  are  still 
ignorant  of  the  exact  nature  of  the  transformations  which  they 
undergo.  Furthermore,  the  diflfereace  between  the  sugars  and  the  » 
oils  on  the  one  hand,  and  the  albuminoid  substances  on  the  other, 
so  &r  as  regards  their  decomposition  and  disappearance  in  the 
body,  is  only  a  difference  in  time.  The  albuminoid  substances 
become  transformed  more  slowly,  the  sugars  and  the  oils  more* 
rapidly.  Even  if  it  should  be  ascertained  hereafter  that  the  sugars 
and  the  oils  really  do  not  unite  at  all  with  the  solid  tissues,  but  are 
entirely  decomposed  in  the  blood,  this  would  not  make  them  any 
less  important  as  alimentary  substances,  since  the  blood  is  as 
essential  a  part  of  the  body  as  the  solid  tissues,  and  its  nutrition 
must  be  provided  for  equally  with  theirs. 

It  is  evident,  therefore,  that  no  single  proximate  principle,  nor 
even  any  one  class  of  them  alone,  can  be  sufficient  for  the  nutrition 
of  the  body;  but  that  the  food,  to  be  nourishing,  must  contain 
substances  belonging  to  all  the  different  groups  of  proximate  prin- 
ciples. The  albuminoid  substances  are  first  in  importance  because 
they  constitute  the  largest  part  of  the  entire  mass  of  the  body ;  and 
exhaustion  therefore  follows  more  rapidly  when  they  are  withheld 
than  when  the  animal  is  deprived  of  other  kinds  of  alimentary 
matter.  But  starchy  and  oleaginous  substances  are  also  requisite ; 
and  the  body  feels  the  want  of  them  sooner  or  later,  though  it  may 
be  plentifully  supplied  with  albumen  and  fibrin.  Finally,  the  in- 
organic saline  matters,  though  in  smaller  quantity,  are  also  neces- 
sary to  the  continuous  maintenance  of  life.  In  order  that  the 
animal  tissues  and  fluids  remain  in  a  healthy  condition  and  take 
their  proper  part  in  the  functions  of  life,  they  must  be  supplied 
with  all  the  ingredients  necessary  to  their  constitution ;  and  a  man 
may  be  starved  to  death  at  last  by  depriving  him  of  chloride  of 
sodium  or  phosphate  of  lime  just  as  surely,  though  not  so  rapidly, 
as  if  he  were  deprived  of  albumen  or  oil. 

In  the  different  kinds  of  food,  accordingly,  which  have  been 
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adopted  by  the  universal  and  instinctive  choice  of  man,  the  three 
difierent  classes  of  proximate  principles  are  all  more  or  less  abund- 
antly represented.  In  all  of  them  there  exists  naturally  a  certain 
proportion  of  saline  substances ;  and  water  and  chloride  of  sodium 
are  generally  taken  with  them  in  addition.  In  milk;  the  first  food 
supplied  to  the  infant,  we  have  casein  which  is  an  albuminoid  sub- 
stance, butter  which  represents  the  oily  matters,  and  sugar  of  milk 
belonging  to  the  saccharine  group,  together  with  water  and  saline 
matters,  in  the  following  proportions : — * 

COMPOBITIOH  OF  Ck>w'S  MiLK. 

Water «....•••     87.02 

Casein 4.48 

Batter 3.13 

Sagarofmilk 4.77 

Soda 

Chlorides  of  potassinm  and  sodium 

Phosphates  of  soda  and  potassa 

Phosphate  of  lime \  0.60 

*'  magnesia 

Alkaline  carbonates 

Iron,  &c 

100.00 

In  wheat  flour,  gluten  is  the  albuminoid  matter,  sugar  and  starch 
the  non-nitrogenous  principles. 

CoMPosrrioN  of  Wheat  Flour. 

Glaten     ....     10.2  Gum        ....      2.8 

Starch     ....     72.8  Water      ....     10.0 

Sugar      ....      4.2  

100.0 

The  other  cereal  grains  mostly  contain  oil  in  addition  to  the 
above. 

CoMPoemox  of  Dried  Oatmeax*. 

Starch 69.00 

Bitter  matter  and  sugar 8.25 

Graj  albuminous  matter 4.30 

Fatty  oil 2.00 

Gum 2.60 

Husk,  mixture,  and  loss 23.95 

lOO.CH) 

Eggs  contain  albumen  and  salts  in  the  white,  with  the  addition 
of  oily  matter  in  the  yolk. 

•  The  accompanying  analyses  of  various  kinds  of  food  are  taken  from  Perelra 
on  Food  and  Diet,  New  York,  1843. 
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Composition  of  Egos. 

White  of  Egg.  Tolk  of  Bgg. 

Water  ....      80.00 53.78 

i^lbamen  and  muoas    .      15.28 12.75 

Yellow  oil     ...           28.75 

Baits    ....        4.72 4.72 

100.00  100.00 

In  ordinary  flesh  or  batcher's  meat,  we  have  the  albuminoid 
matter  of  the  muscular  fibre  and  the  fat  of  the  adipose  tissue. 

Composition  op  Obdinabt  Botchbb's  Meat. 
.,    ..  (Water      ....     63.418 

Meat  devoid  of  fat        .        85.7        1  Solid  matter     .        .        .     22.282 

Fat,  oellnl^  tissae,  &o 14.300 

100.000 

From  what  has  been  said  above,  it  will  easily  be  seen  that  the 
nutritious  character  of  any  substance,  or  its  value  as  an  article  of 
food,  does  not  depend  simply  upon  its  containing  either  one  of  the 
alimentary  substances  mentioned  above  in  large  quantity;  but  upon 
its  containing  them  mingled  together  in  such  proportion  as  is 
requisite  for  the  healthy  nutrition  of  the  body.  What  these  pro- 
portions are  cannot  be  determined  from  simple  chemical  analysis, 
nor  from  any  other  data  than  those  derived  from  direct  observation 
and  experiment. 

The  total  quantity  of  food  required  by  man  has  been  variously 
estimated.  It  will  necessarily  vary,  indeed,  not  only  with  the  con- 
stitution and  habits  of  the  individual,  but  also  with  the  quality  of 
the  food  employed ;  since  some  articles,  such  as  corn  and  meat,  con- 
tain very  much  more  alimentary  material  in  the  same  bulk  than 
fresh  fruits  or  vegetables.  Any  estimate,  therefore,  of  the  total 
quantity  should  state  also  the  kind  of  food  used ;  otherwise  it  will 
be  altogether  without  value.  From  experiments  performed  while 
living  on  an  exclusive  diet  of  bread,  fresh  meat,  and  butter,  with 
coffee  and  water  for  drink,  we  have  found  that  the  entire  quantity 
of  food  required  during  twenty-four  hours  by  a  man  in  full  health, 
and  taking  free  exercise  in  the  open  air,  is  as  follows : — 

Meat 16  ounces  or  1.00  lb.  Avoirdapois. 

Bread 19       "       "   1.19  "  " 

Butter  or  fat  .         .        .        .3}      "       "  0.22  " 
Water    .         .        .        .         .     52  fluid  oa."   3.38  " 

That  is  to  say,  rather  less  than  two  and  a  half  pounds  of  solid  food, 
and  rather  over  three  pints  of  liquid  food. 
8 
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Another  necessary  consideration,  in  estimating  the  valae  of  anj 
substance  as  an  article  of  food,  is  its  digestibility.  A  vegetable  or 
animal  tissue  may  contain  an  abimdance  of  albuminoid  or  starchy 
matter,  but  may  be  at  the  same  time  of  such  an  unyielding  consist- 
ency as  to  be  insoluble  in  the  digestive  fluids,  and  therefore  useless 
as  an  article  of  food.  Bones  and  cartilages,  and  the  fibres  of  yellow 
elastic  tissue,  are  indigestible,  and  therefore  not  nutritious.  The 
same  remark  may  be  made  with  regard  to  the  substances  contained 
in  woody  fibre,  and  the  hard  coverings  and  kernels  of  various  fruits. 
Everything,  accordingly,  which  softens  or  disintegrates  a  hard  ali- 
mentary substance  renders  it  more  digestible,  and  so  &r  increases 
its  value  as  an  article  of  food. 

The  preparation  of  food  by  cooking  has  a  twofold  object :  firsts 
to  soften  or  disintegrate  it,  and  second,  to  give  it  an  attractive 
flavor.  Many  vegetable  substances  are  so  hard  as  to  be  entirely 
indigestible  in  a  raw  state.  Bipe  peas  and  beans,  the  different  kinds 
of  grain,  and  many  roots  and  fruits,  require  to  be  softened  by  boil- 
ing, or  some  other  culinary  process,  before  they  are  ready  for  use. 
With  them,  the  principal  change  produced  by  cooking  is  an  altera- 
tion in  consistency.  With  most  kinds  of  animal  food,  however,  the 
effect  is  somewhat  different.  In  the  case  of  muscular  flesh,  for  ex- 
ample, the  muscular  fibres  themselves  are  almost  always  more  or 
less  hardened  by  boiling  or  roasting;  but,  at  the  same  time,  the 
fibrous  tissue  by  which  they  are  held  together  is  gelatinized  and 
softened,  so  that  the  muscular  fibres  are  more  easily  separated  from 
each  other,  and  more  readily  attacked  by  the  digestive  fluids.  But 
beside  this,  the  organic  substances  contained  in  meat,  which  are  all 
of  them  very  insipid  in  the  raw  state,  acquire  by  the  action  of  heat 
in  cooking,  a  peculiar  and  agreeable  flavor.  This  flavor  excites 
the  appetite  and  stimulates  the  flow  of  the  digestive  fluids,  and 
renders,  in  this  way,  the  entire  process  of  digestion  more  easy  and 
expeditious. 

The  changes  which  the  food  undergoes  in  the  interior  of  the  body 
may  be  included  under  three  different  heads :  first,  digestion^  or  the 
preparation  of  the  food  in  the  alimentary  canal ;  second,  assimtlatum, 
by  which  the  elements  of  the  food  are  converted  into  the  animal 
tissues ;  and  third,  excretion^  by  which  they  are  again  decomposed, 
and  finally  discharged  from  the  body.  • 
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CHAPTER    VI. 

DIGESTION. 

Digestion  is  that  process  by  which  the  food  is  reduced  to  a  form 
in  which  it  can  be  absorbed  from  the  intestinal  canal,  and  taken  up 
by  the  bloodvessels.  This  process  does  not  occur  in  vegetables. 
For  vegetables  are  dependent  for  their  nutrition,  mostly,  if  not 
entirely,  upon  a  supply  of  inorganic  substances,  as  water,  saline 
matters,  carbonic  acid,  and  ammonia.  These  materials  constitute 
the  food  upon  which  plants  subsist,  and  are  converted  in  their  inte- 
rior into  other  substances,  by  the  nutritive  process.  These  mate- 
rials, furthermore,  are  constantly  supplied  to  the  vegetable  under 
such  a  form  as  to  be  readily  absorbed.  Carbonic  acid  and  ammonia 
exist  in  a  gaseous  form  in  the  atmosphere,  and  are  also  to  be  found 
in  solution,  together  with  the  requisite  saline  matters,  in  the  water 
with  which  the  soil  is  penetrated.  All  these  substances,  therefore, 
are  at  once  ready  for  absorption,  and  do  not  require  any  preliminary 
modification.  But  with  animals  and  man  the  case  is  different. 
They  cannot  subsist  upon  these  inorganic  substances  alone,  but 
require  for  their  support  materials  which  have  already  been  organ- 
ized, and  which  have  previously  constituted  a  part  of  animal  or 
vegetable  bodies.  Their  food  is  almost  invariably  solid  or  semi-solid 
at  the  time  when  it  is  taken,  and  insoluble  in  water.  Meat,  bread, 
fruits,  vegetables,  &c.,  are  all  taken  into  the  stomach  in  a  solid  and 
insoluble  condition ;  and  even  those  substances  which  are  naturally 
fluid,  such  as  milk,  albumen,  white  of  egg,  are  almost  always,  in 
the  human  species,  coagulated  and  solidified  by  the  process  of  cook- 
ing, before  being  taken  into  the  stomach. 

In  animals,  accordingly,  the  food  requires  to  undergo  a  process 
of  digestion,  or  liquefiaction,  before  it  can  be  absorbed.  In  all  cases, 
the  general  characters  of  this  process  are  the  same.  It  consists 
essentially  in  the  food  being  received  into  a  canal,  running  through 
the  body  from  mouth  to  anus,  called  the  "alimentary  canal,"  in 
which  it  comes  in  contact  with  certain  digestive  fluids^  which  act 
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I  upon  it  in  such  a  way  as  to  liquefy  and  dissolve  it  These  fluids 
are  secreted  by  the  mucous  membrane  of  the  alimentary  canal,  and 
by  certain  glandular  organs  situated  in  its  neighborhood.  Since  the 
food  always  consists,  as  we  have  already  seen,  of  a  mixture  of  vari- 
ous substances,  having  different  physical  and  chemical  properties^ 
the  several  digestive  fluids  are  also  different  from  each  other;  each 
one  of  them  exerting  a  peculiar  action,  which  is  more  or  less  con- 
fined to  particular  species  of  food.  As  the  food  passes  through  the 
intestine  from  above  downward,  those  parts  of  it  which  become 
liquefied  are  successively  removed  by  absorption,  and  taken  up  by 
the  vessels ;  while  the  remaining  portions,  consisting  of  the  indi- 
gestible matter,  together  with  the  refuse  of  the  intestinal  secretions, 
gradually  acquire  a  firmer  consistency  owing  to  the  absorption  of 
the  fluids,  and  are  finally  discharged  &om  the  intestine  under  the 
form  of  feces. 

In  different  species  of  animals,  however,  the  difference  in  their 
habits,  in  the  constitution  of  their  tissues,  and  in  the  character  of 
their  food,  is  accompanied  with  a  corresponding  variation  in  the 
anatomy  of  the  digestive  apparatus,  and  the  character  of  the  secreted 
fluids.  As  a  general  rule,  the  digestive  apparatus  of  herbivorous 
animals  is  more  complex  than  that  of  the  camivora ;  since,  in  vege- 
table substances,  the  nutritious  matters  are  often  present  in  a  very 
solid  and  unmanageable  form,  as,  for  example,  in  raw  starch  and 
the  cereal  grains,  and  are  nearly  always  entangled  among  vegetable 
cells  and  fibres  of  an  indigestible  character.  In  those  instances 
where  the  food  consists  mostly  of  herbage,  as  grass,  leaves,  &c.,  the 
digestible  matters  bear  only  a  small  proportion  to  the  entire  quan- 

'  tity ;  and  a  large  mass  of  food  must  therefore  be  taken,  in  order 
that  the  requisite  amount  of  nutritious  material  may  be  extracted 
from  it.  In  such  cases,  accordingly,  the  alimentary  canal  is  large 
and  long;  and  is  divided  into  many  compartments,  in  which 
different  processes  of  disintegration,  transformation,  and  solution 
are  carried  on.  * 

In  the  common  fowl,  for  instance  (Fig.  16),  the  food,  which  con- 
sists mostly  of  grains,  and  frequently  of  insects  with  hard,  coria- 
ceous integument,  first  passes  down  the  oesophagus  (a)  into  a 
diverticulum  or  pouch  (6)  termed  the  crop.  Here  it  remains  for 
a  time  mingled  with  a  watery  secretion  in  which  the  grains  are 
macerated  and  softened.  The  food  is  then  carried  farther  down 
until  it  reaches  a  second  dilatation  (c),  the  proventriculus,  or 
secreting  stomach.     The  mucous  membrane   here  is  thick   and 
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glandular,  and  is  provided  with  nnmeroua  se-  Kg.  16. 

creiing  follicles  or  crypta.  From  them  an 
acid  fiuid  is  poured  out,  bj  wbicti  the  food  is 
subjected  to  farther  changes.  It  next  passes 
into  the  gizzard  (d),  or  triturating  stomach,  a 
cavity  inclosed  by  thidc  muscular  walls,  and 
lined  with  a  remarkably  tough  and  borny 
epithelium.  Here  it  is  subjected  to  the  crush- 
ing and  grinding  action  of  the  masoular  pa- 
rietes,  assisted  by  grains  of  sand  and  gravel, 
which  the  animal  instinctively  swallows  with 
the  food,  by  wbich  it  is  so  triturated  and  dis- 
integrated, that  it  is  reduced  to  a  uniform  pulp, 
upon  which  the  digestive  fluids  can  effectually 
operate.  The  mass  then  passes  into  the  intes- 
tine (e),  where  it  meets  with  the  intestinal 
juices,  which  complete  the  process  of  solution ; 
and  from  the  intestinal  cavity  it  is  finally  ab- 
sorbed in  a  liquid  form,  by  the  vessels  of  the 
mucous  membrane. 

In  the  ox,  again,  the  sbeep,  the  camel,  the 
deer,  and  all  ruminating  animals,  there  are 
four  distinct  stomachs  through  which  the 
food  passes  in  succession;  each  lined  with 
mucous  membrane  of  a  different  structure, 
and  adapted  to  perform  a  different  part  in 
the  digestive  process.  (Fig.  17.)  When  first 
swallowed,  the  food  is  received  into  the  ru-  fowl.-™,  a^of^Mgn.  s. 
men,  or  paunch  {b),  a  large  "sac,  itself  par-  ^^iin!',^,^"'d'at™ri 
tially  divided  by  incomplete  partitions,  and  "'  iHiaruiBg  nomKii.  ..  u- 
lined.  by  a  mucous  membrane  thickly  set  ItiJl^'^b,.!,  o^n  inw  th.'"- 
with  long  prominences  or  villi.  Here  it  ac-  *""«•» 'iio"  iJni»ii»  »bo« 
cumulates  while  the  animal  is  feeding,  and  is 
retained  and  macerated  in  its  own  fluids.  When  the  animal  has 
finished  browsing,  and  the  process  of  rumination  commences,  the 
food  is  regurgitated  into  the  mouth  by  an  inverted  action  of  the 
muscular  walls  of  the  paunch  and  oesophagus,  and  slowly  masticated. 
It  then  descends  again  along  the  cesophagus ;  but  instead  of  enter- 
ing the  first  stomach,  as  before,  it  is  turned  off  by  a  muscular  valve 
into  the  second  stomach,  or  reticulum  (c),  which  is  distinguished 
\>y  the  intersecting  folds  of  ita  mucous  membrane,  which  give  it 
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y-combed  or  reticulated  appearance.     Here  the  ft 

triturated   in   the   mouth,  sod 
^'  mixed  with  the  saliva,  is  ftirther 

macerated  in  the  fluids  swal- 
lowed by  the  animal,  which  al- 
ways accumulate  in  considerable 
quantity  in  the  reticulum.  The 
next  cjivity  ia  the  omasvs,  or 
"  psalterium"  (tf),  in  which  the 
mucoua  membrane  is  arranged 
in  longitudinal  folds,  alternately 
broad  and  narrow,  lying  parallel 
with  each  other  like  the  leaves 
of  a  book,  so  that  the  extent  of 
raucous  surface,  brought  in  con- 
tact with  the  food,  ia  very  much 
ED>  b.  Riimtn.  ariini>tda.i>c)i.  e.  Reticuimii.ni  increased.  The  Bxit  iVom  this 
faorih   / Dn^rnn."  (Fi^  Hjmn  Jom')'  "'   ^^^^^7  Icada   directly  into   the 

abomasvs,  or  "rennet"  (f),  whii 
is  the  true  digestive  stomach,  in  whioh  the  mucous  membrane 
softer,  thicker,  and  more  glandular  than  elsewhere,  and  in  whi 
an  acid  and  highly  solvent  fluid  is  secreted.     Then  follows  the  in- 
testinal canal  with  its  various  divisions  and  variations. 

In  the  carnivora,  on  the  other   hand,  the  alimentary  canal 
shorter  and  narrower  than  in  the  preceding,  and  presents  fewer 
complexities.     The  food,  upon  which  these  animals  subsist,  is  softer 
than  that  of  the  herbivora,  and  less  encumbered  with  ittdigestiUiBi 
matter ;  ao  that  the  process  of  its  solution  requires  a  lesa  ext^isii 
apparatus. 

In  the  human  species,  the  food  is  naturally  of  a  mixed  cha- 
racter, containing  both  animal  and  vegetable  substances.  But  the 
digestive  apparatus  in  man  resembles  almost  exactly  that  of  the 
carnivora.  For  the  vegetable  matters  which  we  take  as  food  are, 
in  the  first  place,  artificially  separated,  to  a  great  extent,  from  indi- 
gestible impurities ;  and  secondly,  they  are  so  softened  by  the 
process  of  cooking  as  to  become  nearly  or  quite  as  easily  digestible 
as  animal  8ub,stances. 

In  the  human  species,  however,  the  process  of  digestion,  though 
simpler  than  in  the  herbivora,  is  still  complicated.     The  alimentary-, 
canal  is  hero,  also,  dividetl  into  diftereut  compartments  or  cavitii 
which  communicate  with  each  other  by  narrow  orifices.     At 
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commeDCement  (Fig.  18),  ve  find  the  cavity  of  the  mouth,  which  is 
guarded  at  ita  posterior  extremity  by  the  muscakr  valve  of  the 
isthmus     of    the    lauoes.  -  ^  ^g^ 

Through  the  pharynx  and 
oesophaguB  {a),  it  oommu- 
Dicates  with  the  second 
oompartment,  or  the  sto- 
mach (b),  a  dask-shaped 
dilatation,  which  ia  guarded 
at  the  cardiac  and  pyloric 
orifices  by  circular  bands 
of  musGular  fibres.  Then 
comes  the  small  vUestine  (e), 
dif^cnt  parts  of  which, 
owing  to  the  varying  struc* 
ture  of  their  mucous  mem- 
branes^ have  received  the 
different  names  of  duode- 
num, jejunum,  and  ileum. 
In  the  duodenum  we  have 
the  orifices  of  the  biliary 
and  pancretUie  ducts  (/,  g). 
Finally,  we  have  the  large 
itUestiiK  (A,  i,j,  k),  separated 
from  the  smaller  by  the 
ileo-CEDCal  valve,  and  ter- 
minating, at  its  lower  ex- 
tremity, by  the  anus,  at 
which  is  situated  a  double 
sphincter,  for  the  purpose 
of  guarding  its  orifice. 
Srery  where  the  alimentary 
canal  is  composed  of  a 
mucous  membrane  and  a 
muscular  coat,  with  a  layer 
of  submucous  areolar  tissue 
between  the  two.  The  mus- 
cular coat  is  everywhere    *°"'°*  *'  "*"'"'■ 

composed  of  a  double  layer  of  longitudinal  and  transverse  fibres,  [ 
by  the  alternate  contraction  and  relaxation  of  which  the  ibod  is  | 
carried  through  the  canal  from  above  downward.    The  mucous  ' 
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membrane  presents,  also^  a  different  stracture,  and  baa  different 
I  properties  in  different  parts.  In  the  mouth  and  oeaophagos,  it  is 
smooth,  with  a  hard,  whitish,  and  tessellated  epithelium.  This  kind 
of  epithelium  terminates  abruptly  at  the  cardiac  orifice  of  the 
stomach.  The  mucous  membrane  of  the  gastric  cavity  is  soft  and 
glandular,  covered  with  a  transparent,  columnar  epithelium,  and 
thrown  into  minute  folds  or  projections  on  its  free  surface,  which 
are  sometimes  reticulated  with  each  other.  In  the  small  intestine 
we  find  large  transverse  "folds  of  mucous  membrane,  the  valvulm 
conniventes,  the  minute  villosities  which  cover  its  surface,  and  the 
peculiar  glandular  structures  which  it  contains.  Finally,  in  the 
large  intestine,  the  mucous  membrane  is  again  different.  It  is  here 
smooth  and  shining,  free  from  villosities,  and  provided  with  a  dif- 
ferent glandular  apparatus. 

Furthermore,  the  digestive  secretions,  also,  vary  in  these  different 
regions.  In  its  passage  from  above  downward,  the  food  meets 
with  no  less  than  five  different  digestive  fluids.  First  it  meets  with 
the  saliva  in  the  cavity  of  the  mouth ;  second,  with  the  gastric  juice, 
in  the  stomach;  third,  with  the  bile;  fourth,  with  the  pancrecUic 
fluid;  and  fifth,  with  the  intestinal  juice.  It  is  the  most  important 
characteristic  of  the  process  of  digestion,  as  established  by  modem 
researches,  that  different  elements  of  the  food  are  digested  in  different 
jmrts  of  the  alimentary  canal  hy  the  agency  of  different  digestive  fluids. 
By  their  action,  the  various  ingredients  of  the  alimentary  mass  are 
successively  reduced  to  a  fluid  condition,  and  are  taken  up  by  the 
vessels  of  the  intestinal  mucous  membrane.  • 

The  action  which  is  exerted  upon  the  food  by  the  digestive 
fluids  is  not  that  of  a  simple  chemical  solution.  It  is  a  transforma- 
tion, by  which  the  ingredients  of  the  food  are  altered  in  character 
at  the  same  time  that  they  undergo  the  process  of  liquefaction. 
The  active  agent  in  producing  this  change  is  in  every  instance  an 
organic  matter,  which  enters  as  an  ingredient  into  the  digestive 
fluid ;  and  which,  by  coming  in  contact  with  the  food,  exerts  upon 
it  a  catalytic  action,  and  transforms  its  ingredients  into  other  sub- 
stances. It  is  these  newly  formed  substances  which  are  finally 
absorbed  by  the  vessels,  and  mingled  with  the  general  current  of 
the  circulation. 

In  our  study  of  the  process  of  digestion,  the  different  digestiv 
fluids  will  be  examined  separately,  and  their  action  on  the  alimen 
ary  substances  in  the  different  regions  of  the  digestive  apparat 
successively  investigated. 
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Fig.  20. 


edges,  each  presenting  several  sharp  points,  arranged  generally  in 
a  dtrectioo  parallel  with  the  line  of  the  jaw.  In  these  animals, 
mastication  is  very  imperfect,  since 
the  food  is  not  ground  up,  but  onl; 
pierced  and  mangled  by  the  actii 
of  the  teeth  before  being  swallow* 
into  the  stomach.  In  the  herbi' 
vora,  on  the  other  hand,  the  inci- 
sors are  present  only  in  the  lower 
jaw  in  the  ruminating  animal^ 
though  in  the  horse  they  are  found 
in  both  the  npper  and  lower  max- 
illa. (Fig.  21.)  They  are  used  merely 
ii.w;  ahiwiDg  latitoo  ud  «Dia«  j.^^.  gmfjjjg  off  the  bundles  of  grass 

or  herbage,  on  which  the  animal  feeds.     The  canines  are  either, 
absent  or  slightly  developed,  and  the  real  process  of  mastication  i| 


4 


performed  altogether  by  the  molars.  These  are  large  and  thifll 
{Fig.  22),  and  present  a  broad,  flat  surface,  iliversified  by  variously! 
folded  and  projecting  ridges  of  enamel,  with  shal- 
low grooves,  intervening  between  them.  By  the 
lateral  rubbing  motion  of  the  roughened  surfaces 
\t9Ktu9vgl  against  each  other,  the  food  is  eflectually  commi- 
IIBB^SaI    >^"ted  and  reduced  to  a  pulpy  mass. 

In  the  human  subject,  the  teeth  combine  the 
characters  of  those  of  the  camivora  and  the  herbi- 
vora,  (Fig.  28.)  The  incisors  (a),  four  in  number 
in  each  jaw,  have,  as  in  other  instances,  a  cutting)  _ 
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edge  n^mung  firom  side  to  aide.  The  canities  (h),  wbioh  bjs  situated 
immediately  behiod  the  former,  ore  much  leas  piomioeDt  and 
pointed  than  is  the  car- 
DiTora,  and  difEer  lew 
ia  form  from  the  inci- 
SXB  on  the  one  hand, 
and  the  first  molars  on 
the  other.  The  molar^ 
again  (c,  d),  are  tbiclc 
and  strong,  fuid  have 
comparatively  flat  sur- 
&ceB,  like  those  of  the  tl- 
herbivora;  but  instead 
of  presenting  curvili- 
near ridges,  are  covered 
with  more  or  less  coni- 
cal emingncea,  like  those  ^ ' 
ofthecamivora.  In  the 
human  subject,  therefore,  the  teeth  are  evidently  adapted  for  a  mixed  I 
diet,  consisting  of  both  animal  and  vegetable  food.  Mastication  is  I 
here  as  perfect  as  it  is  in  the  herbivora,  though  less  prolonged  and 
laborious;  for  the  vegetable  aubstances  need  by  man,  as  already 
remarked,  are  previously  aeparated  to  a  great  extent  from  their 
impurities,  and  softened  by  cooking ;  bo  that  they  do  not  require, 
for  their  mastication,  so  extensive  and  powerful  a  triturating  ap- 
paratus. Finally,  animal  Bubstancea  are  more  completely  masti- 
cated in  the  human  subject  than  they  are  in  the  carnivora,  and 
their  digestion  is  accordingly  completed  with  greater  rapidity. 

We  can  easily  estimate,  from  the  facts  above  stated,  the  great 
importance,  to  the  digestive  process,  of  a  thorough  preliminary  . 
mastication.  If  the  food  be  hastily  swallowed  in  undivided  masses,  1 
it  must  remain  a  long  time  undissolved  in  the  stomach,  where  it  ' 
will  become  a  source  of  irritation  and  disturbance ;  but  if  reduced 
beforehand,  by  mastication,  to  a  state  of  minute  subdivision,  it  is 
readily  attacked  by  the  digestive  Quids,  and  becomes  speedily  and 
oompletely  liquefied. 


Saliva. — At  the  same  time  that  the  food  is  masticated,  it  is  mixed 
in  the  cavity  of  the  mouth  with  the  first  of  the  digestive  fluids,  viz., 
the  saliva.  Human  saliva,  as  it  is  obtained  directly  from  the  hue- , 
cal  cavity,  is  a  colorless  slightly  viacid  and  alkaline  fluid,  with  a  i 
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flpecifio  gntvity  of  1005.  Wbeo  first  discliarged,  it  is  frothy  and 
opaline,  holding  in  suspensioQ  minute,  whitish  floecvdi  On  being 
allowed  to  stand  for  some  hours  in  a  cylindrical  glass  vessel,  an 
opaque,  whitish  deposit  collects  at  the  bottom,  while  the  supematant 
fiuid  becomes  clear.  The  deposit^  when  examined  by  the  mioro- 
p,    24.  scope  (Fig.  24)^  is   seen  to 

consist  of  abundant  epithe- 
lium scales  from  the  internal 
sur&ce  of  the  mouth,  de- 
tached by  mechanical  irrita- 
tion, minut^  roondisb,  gra- 
i„;-  ^^  ,,igS!^sv  \    °"^'"''  nucleated  cells,  appa- 

I    iiS^^      .'^T'fl'',^^^^^^!   rently  epithelium  from  the 
mucous  follicles,  a    certain 
amount  of  granular  matter, 
w?«^P(«i    -  -     /      """^  *  ^®*  oil-globules.    The 
„0  ^^^^  "      /        supematant  fluid  has  a  &int 
®  o     y/         bluish  tinge,  and    becomes 

slightly  opalescent  by  boil- 
,  ing,  and  by  the  addition  of 

OnoDlu  Haltar  ud011.gl<ibiil«>:d«i«IMuMdl-    njtrio   aOld.      Alcohol   lU   eX- 

iB«iit  rrDm  hamiin  wUtk.  ,  •    ■,    ^ 

cess  causes  the  precipitatioa 
of  abundant  whitish  flocouli.  According  to  Bidder  and  Schmidt* 
the  composition  of  saliva  is  as  follows : — ' 

CoKPOBinoB  or  Salita. 

Watflr BM.19 

Organle  matter 1.84 

&ii1pbo-a;ai>ide  of  potaiatiim 0.06 

Fliospbatei  at  mdtt,  lime,  and  magneaU .98 

Chloridee  of  Bodlan  and  potaaeiom .84 

Hiztare  of  eplthfllf nm 1.62 

1000.00 

The  organic  substance  present  in  the  saliva  has  been  occasionally 

I  known  by  the  name  of  ptyaliTie.  It  is  coagulable  by  alcohol,  but 
not  by  a  boiling  temperature.  A  very  little  albumen  is  also  pre* 
sent,  mingled  with  the  ptyaline,  and  produces  the  opalescence 
which  appears  in  the  saliva  when  raised  to  a  boiling  temperature, 
;  The  Bulpho-cyanogen  may  be  detected  by  a  solution  of  chloride  of 
'  iron,  which  produces  the  characteristic  red  color  of  sulpho-cyanide 

'  TeTdaDQiigaeafta  nnd  StoBweabBel.    Leipitg,  18G2. 
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of  iron.    The  alkaline  reaction  of  the  saliva  varies  in  intensity  | 
daring  the  day,  but  is  nearly  always  sufficiently  distinct.  ' 

The  saliva  is  not  a  simple  secretion,  but  a  mixture  of  four  dis-  | 
tinct  fluids^  which  differ  from  each  other  in  the  source  from  which 
they  are  derived,  and  in  their  physical  and  chemical  properties* 
These  secretions  are,  in  the  human  subject,  first,  that  of  the  parotid 
gland ;  second,  that  of  the  submaxillary ;  third,  that  of  the  sub- 
lingual; and  fourth,  that  of  the  mucous  follicles  of  the  mouth. 
These  different  fluids  have  been  comparatively  studied,  in  the 
lower  animals,  by  Bernard,  Frerichs,  and  Bidder  and  Schmidt. 
The  parotid  saliva  is  obtained  in  a  state  of  purity  from  the  dog  by 
exposing  the  duct  of  Steno  where  it  crosses  the  masseter  muscle, 
and  introducing  into  it,  through  an  artificial  opening,  a  fine  silver 
canula.  The  parotid  saliva  then  runs  directly  from  its  external 
orifice,  without  being  mixed  with  that  of  the  other  salivary  glands. 
It  is  clear,  limpid,  and  watery,  without  the  slightest  viscidity,  and 
has  a  faintly  alkaline  reaction.  The  submaxillary  saliva  is  ob- 
tained in  a  similar  manner,  by  inserting  a  canula  into  Wharton's 
duct.  It  differs  from  the  parotid  secretion,  so  far  as  its  physical 
properties  are  concerned,  chiefiy  in  possessing  a  well-marked  vis- 
cidil^.  It  is  alkaline  in  reaction.  The  sublingual  saliva  is  also 
alkaline,  colorless,  and  transparent,  and  possesses  a  greater  degree 
of  viscidity  than  that  from  the  submaxillary.  The  mucous  secre- 
tionof  the  follicles  of  the  mouth,  which  forms  properly  a  part  of 
the  saliva,  is  obtained  by  placing  a  ligature  simultaneously  on 
Wharton's  and  Steno's  ducts,  and  on  that  of  the  sublingual  gland, 
so  as  to  shut  out  from  the  mouth  all  the  glandular  salivary  secre- 
tions, and  then  collecting  the  fluid  secreted  by  the  buccal  mucous 
membrane.  This  fluid  is  very  scanty,  and  much  more  viscid  than 
either  of  the  other  secretions ;  so  much  so,  that  it  cannot  be  poured 
out  in  drops  when  received  in  a  glass  vessel,  but  adheres  strongly 
to  the  surface  of  the  glass. 

We  have  obtained  the  parotid  saliva  of  the  human  subject  in  a 
state  of  purity  by  introducing  directly  into  the  orifice  of  Steno's 
duct  a  silver  canula  r^^  to  ^/^  of  an  inch  in  diameter.  The  other 
extremity  of  the  canula  projects  from  the  mouth,  between  the  lips, 
and  the  saliva  is  collected  as  it  runs  from  the  open  orifice.  This 
method  gives  results  much  more  valuable  than  observations  made 
on  salivary  fistulae  and  the  like,  since  the  secretion  is  obtained 
under  perfectly  healthy  conditions,  and  unmixed  with  other  animal 
fluids. 
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The  result  of  many  different  obaervaticxu^  conducted  in  this  wajr, 
is  that  the  human  parotid  salivay  like  that  of  the  dog;  is  colixrlen^ 
watery,  and  distinctly  alkaline  in  reaction*  It  diflEers  from  the  mixed 
saliva  of  the  mouthy  in  being  perfectly  clear,  without  any  turbidity 
or  opalescence.  Its  flow  is  scanty  while  the  cheeks  and  jaws  remain 
at  rest ;  but  as  soon  as  the  movements  of  mastication  are  excited  by 
the  introduction  of  food,  it  runs  in  much  greater  abundance.  We 
have  collected,  in  this  way,  from  the  parotid  duct  of  one  side  only, 
in  a  healthy  man,  480  grains  of  saliva  in  the  course  of  twenty 
minutes ;  and  in  seven  successive  observations,  made  on  different 
days,  comprising  in  all  three  hours  and  nine  minutes^  we  have 
collected  a  little  over  3000  grains. 

The  parotid  saliva  obtained  in  this  way  has  been  analyzed  by 
Mr.  Maurice  Perkins,  Assistant  to  the  Professor  of  Chemistry  in 
the  College  of  Physicians  and  Surgeons,  with  the  following  result : — 

CoMFO0ino9  OF  Hum  AH  Parotid  Saliva. 

Water 983.300 

Organic  matter  precipitable  hj  aloohol 7.352 

Sabstanoe  destmotible  bj  heat,  but  not  precipitated  hj  alcohol 

or  acids 4.81 

Snlpho-cjanide  of  sodium 0.33 

Phosphate  of  lime     .        .        .        .     ' 0.24 

Chloride  of  potassium 0.90 

Chloride  of  sodium  and  carbonate  of  soda          ....  3.06 

1000.00 

Mr.  Perkins  found,  in  accordance  with  our  own  observations, 

.  that  the  fresh  parotid  saliva,  when  treated  with  perchloride  of  iron, 

1  showed  no  evidences  of  sulpho-cyanogen ;  but  after  the  organic  mat- 

I  ters  had  been  precipitated  by  alcohol,  the  filtered  fluid  was  found 

'  to  contain  an  appreciable  quantity  of  the  sulpho-cyanide. 

The  organic  matter  in  the  parotid  saliva  is  in  rather  large  quan- 
tity as  compared  with  the  mineral  ingredients.  It  is  precipitable  by 
alcohol,  by  a  boiling  temperature,  by  nitric  acid,  and  by  sulphate 
of  soda  in  excess,  but  not  by  an  acidulated  solution  of  ferrocyanide 
of  potassium.  It  bears  some  resemblance,  accordingly,  to  albumen, 
but  yet  is  not  precisely  identical  with  that  substance. 

The  parotid  saliva  also  difiers  from  the  mixed  saliva  of  the  mouth 
in  containing  some  substance  which  masks  the  reaction  of  sulpho- 
cyanogen.  For  if  the  parotid  saliva  and  that  from  the  mouth  be 
drawn  from  the  same  person  within  the  same  hour,  the  addition  of 
perchloride  of  iron  will  produce  a  distinct  red  color  in  the  latter,  while 
no  such  change  takes  place  in  the  former.    And  yet  the  parotid 
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saliva  contains  snlpho-cyanogen,  whicli  may  be  detected,  as  we  liave 
already  seen,  after  the  organic  matters  have  been  precipitated  by 
alcohol. 

A  very  ourioos  fact  has  been  observed  by  M.  Colin,  Professor  of 
Anatomy  and  Physiology  at  the  Veterinary  School  of  Alfort,*  viz., 
that  in  the  horse  and  ass,  as  well  as  in  the  cow  and  other  ruminat- 
ing animals^  the  parotid  glands  of  the  two  opposite  sides,  during 
mastication,  are  never  in  active  secretion  at  the  same  time ;  but 
that  they  alternate  with  each  other,  one  remaining  quiescent  while 
the  other  is  active,  and  vice  versd.  In  these  animals  mastication  is 
said  to  be  unilateral,  that  is,  when  the  animal  commences  feeding 
or  ruminating,  the  food  is  triturated,  for  fifteen  minutes  or  more,  by 
the  molars  of  one  side  only.  It  is  then  changed  to  the  opposite 
side ;  and  for  the  next  fifteen  minutes  mastication  is  performed  by 
the  molars  of  that  side  only.  It  is  then  changed  back  again,  and 
so  on  alternately,  so  that  the  direction  of  the  lateral  movements  of 
the  jaw  may  be  reversed  many  times  during  the  course  of  a  meal. 
By  establishing  a  salivary  fistula  simultaneously  on  each  side,  it  is 
found  that  the  flow  of  saliva  corresponds  with  the  direction  of  the 
masticatory  movement.  When  the  animal  masticates  on  the  right 
side,  it  is  the  right  parotid  which  secretes  actively,  while  but  little 
saliva  is  supplied  by  the  left ;  when  mastication  is  on  the  left  side, 
the  left  parotid  pours  out  an  abundance  of  fluid,  while  the  right  is 
nearly  inactive. 

We  have  observed  a  similar  alternation  in  the  flow  of  parotid 
saliva  in  the  human  subject,  when  the  mastication  is  changed  from 
side  to  side^  In  an  experiment  of  this  kind,  the  tube  being  inserted 
into  the  parotid  duct  of  the  left  side,  the  quantity  of  saliva  dis- 
charged during  twenty  minutes,  while  mastication  was  performed 
mainly  on  the  opposite  side  of  the  mouth,  was  127.5  grains ;  while 
the  quantity  during  the  same  period,  mastication  being  on  the  same 
side  of  the  mouth,  was  874.4  grains — being  nearly  three  times  as 
much  in  the  latter  case  as  in  the  former. 

Owing  to  the  variations  in  the  rapidity  of  its  secretion,  and  also 
to  the  fact  that  it  is  not  so  readily  excited  by  artificial  means  as 
by  the  presence  of  food,  it  becomes  somewhat  difficult  to  estimate 
the  total  quantity  of  saliva  secreted  daily.  The  first  attempt  to  do  so 
was  made  by  Mitscherlich,*  who  collected  from  two  to  three  ounces 
in  twenty-four  hours  from  an  accidental  salivary  fistula  of  Steno's 

1  Traits  de  Phjsiologie  Ckmipar^e,  Paris,  1854,  p.  468. 
'  SimoD's  Chemistxy  of  Man.     Phila.  ed.,  1846,  p.  295. 
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duct  in  the  human  subject ;  &om  which  it  was  supposed  that  the 
total  amount  secreted  by  all  the  glands  was  from  ten  to  twelve 
ounces  daily.  As  this  man  was  a  hospital  patient,  however,  and 
sufiering  from  constitutional  debility,  the  above  calculation  cannot 
be  regarded  as  an  accurate  one,  and  accordingly  Bidder  and  Schmidt' 
make  a  higher  estimate.  One  of  these  observers,  in  experimenting 
upon  himself,  collected  from  the  mouth  in  one  hour,  without  using 
any  artificial  stimulus  to  the  secretion,  1500  grains  of  saliva ;  and 
calculates,  therefore,  the  amount  secreted  daily,  making  an  allow- 
ance of  seven  hours  for  sleep,  as  not  far  from  25,000  grains,  or 
about  three  and  a  half  pounds  avoirdupois. 

On  repeating  this  experiment,  however,  we  have  not  been  able  to 
collect  from  the  mouth,  without  artificial  stimulus,  more  than  556 
grains  of  saliva  per  hour.  This  quantity,  however,  may  be  greatly 
increased  by  the  introduction  into  the  mouth  of  any  smooth  un- 
irritating  substance,  as  glass  beads  or  the  like;  and  during  the 
mastication  of  food,  the  saliva  is  poured  out  in  very  much  greater 
abundance.  The  very  sight  and  odor  of  nutritious  food,  when  the 
appetite  is  excited,  will  stimulate  to  a  remarkable  degree  the  flow 
of  saliva ;  and,  as  it  is  often  expressed,  ''  bring  the  water  into  the 
mouth."  Any  estimate,  therefore,  of  the  total  quantity  of  saliva, 
based  on  the  amount  secreted  in  the  intervals  of  mastication,  would 
be  a  very  imperfect  one.  We  may  make  a  tolerably  accurate 
calculation,  however,  by  ascertaining  how  much  is  really  secreted 
during  a  meal,  over  and  above  that  which  is  produced  at  other  times. 
We  have  found,  for  example,  by  experiments  performed  for  this 
purpose,  that  wheaten  bread  gains  during  complete  mastication  55 
per  cent,  of  its  weight  of  saliva ;  and  that  fresh  cooked  meat  gain% 
under  the  same  circumstances,  48  per  cent,  of  its  weight.  We  have 
already  seen  that  the  daily  allowance  of  these  two  substances^  for  a 
man  in  full  health,  is  19  ounces  of  bread,  and  16  ounces  of  meat. 
The  quantity  of  saliva,  then,  required  for  the  mastication  of  these 
two  substances,  is,  for  the  bread  4,572  grains,  and  for  the  meat  8,860 
grains.  If  we  now  calculate  the  quantity  secreted  between  meals 
as  continuing  for  22  hours  at  556  grains  per  hour,  we  have : — 

Saliva  required  for  mastication  of  bread  sa   4572  grains. 
"  "         "  "  "  meat  »   3360     " 

secreted  in  intervals  of  meals  ^  1 2232      *' 


Total  quantitj  in  twentj-fonr  hours  ^  20164  grains ; 

or  rather  less  than  8  pounds  avoirdupois. 

■  Op.  oit.,  p.  14. 
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The  most  important  question,  connected  with  this  subject,  relates 
to  the  funclion  of  the  saliva  in  the  digestive  process.  A  very  remark- 
able property  of  this  fluid  is  that  which  was  discovered  by  Leuchs 
in  Germany,  viz.,  that  it  possesses  the  power  of  converting  boiled 
starch  into  sugar,  if  mixed  with  it  in  equal  proportions,  and  kept 
for  a  short  time  at  the  temperature  of  100°  F.  This  phenomenon 
is  one  of  catalysis,  in  which  the  starch  is  transformed  into  sugar  by 
simple  contact  with  the  organic  substance  contained  in  the  saliva. 
This  organic  substance,  according  to  the  experiments  of  Mialhe,' 
may  even  be  precipitated  by  alcohol,  and  kept  in  a  dry  state  for  an 
indefinite  length  of  time  without  losing  the  power  of  converting 
starch  into  sugar,  when  again  brought  in  contact  with  it  in  a  state 
of  solution. 

This  action  of  ordinary  human  saliva  on  boiled  starch  takes  place 
sometimes  with  great  rapidity.  Traces  of  glucose  may  occasionally 
be  detected  in  the  mixture  in  one  minute  after  the  two  substances  I 
have  been  brought  in  contact ;  and  we  have  even  found  that  starch 
paste,  introduced  into  the  cavity  of  the  mouthy  if  already  at  the 
temperature  of  100°  F.,  will  yield  traces  of  sugar  at  the  end  of  half 
a  minute.  The  rapidity  however,  with  which  this  action  is  mani- 
fested, varies  very  much,  as  was  formerly  noticed  by  Lehmann,  at 
diflferent  times ;  owing,  in  all  probability,  to  the  varying  constitution 
of  the  saliva  itself.  It  is  often  impossible,  for  example,  to  find  any 
evidences  of  sugar,  in  the  mixture  of  starch  and  saliva,  under  five^ 
ten,  or  fiftieen  minutes ;  and  it  is  frequently  a  longer  time  than  this 
before  the  whole  of  the  starch  is  completely  transformed.  Even 
when  the  conversion  of  the  starch  commences  very  promptly,  it  is 
often  a  long  time  before  it  is  finished.  If  a  thin  starch  paste,  for 
example,  which  contains  no  traces  of  sugar,  be  taken  into  the  mouth 
and  thoroughly  mixed  with  the  buccal  secretions,  it  will  often,  as 
already  mentioned,  begin  to  show  the  reaction  of  sugar  in  the  course 
of  half  a  minute;  but  some  of  the  starchy  matter  still  remains,  and 
will  continue  to  manifest  its  characteristic  reaction  with  iodine,  for 
fift;een  or  twenty  minutes,  or  even  half  an  hour. 

It  was  supposed,  when  this  property  of  converting  starch  into 
sugar  was  first  discovered  in  the  saliva,  that  it  constituted  the  true 
physiological  action  of  this  secretion,  and  that  the  function  of  the 
saliva  was,  in  reality,  the  digestion  and  liquefaction  of  starchy 
substances.    It  was  very  soon  noticed,  however,  by  the  French 

1  Cbimie  appliqnfe  ^  la  Phjsiologie  et  ^  la  Tb^rapeatiqne,  Paris,  1856,  p.  43. 
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observers,  that  this  property  of  the  saliva  was  rather  an  accidental 
than  an  essential  one ;  and  that,  although  starchy  substances  are 
really  converted  into  sugar,  if  mixed  with  saliva  in  a  test-tube, 
yet  they  are  not  affected  by  it  to  the  same  degree  in  the  natural 
j)rocess  of  digestion.  We  have  already  mentioned  the  extremely 
variable  activity  of  the  saliva,  in  this  respect>  at  different  times ; 
and  it  must  be  recollected,  also,  that  in  digestion  the  food  is  not 
retained  in  the  cavity  of  the  mouth,  but  passes  at  once,  after  mas- 
tication, into  the  stomach.  Several  German  observers,  as  Frerichs, 
Jacubowitsch,  Bidder  and  Schmidt,  maintained  at  first  that  the 
saccharine  conversion  of  starch,  after  being  commenced  in  the 
mouth,  might  be,  and  actually  was,  completed  in  the  stomach.  We 
have  convinced  ourselves,  however,  by  frequent  experiments^  that 
this  is  not  the  case.  If  a  dog,  with  a  gastric  fistula,  be  fed  with  a 
mixture  of  meat  and  boiled  starch,  and  portions  of  the  fluid  con- 
tents of  the  stomach  withdrawn  afterward  through  the  fistula,'* 
the  starch  is  easily  recognizable  by  its  reaction  with  iodine  for  ten, 
fifteen,  and  twenty  minutes  afterward.  In  forty-five  minutes  it  is 
diminished  in  quantity,  and  in  one  hour  has  usually  altogether  dis- 
appeared ;  but  no  sugar  is  to  be  detected  at  any  time.  Sometimes 
the  starch  disappears  more  rapidly  than  this ;  but  at  no  time,  accord- 
ing to  our  observations,  is  there  any  indication  of  the  presence  of 
sugar  in  the  gastric  fluids.  Bidder  and  Schmidt  have  also  concluded, 
from  subsequent  investigations,'  that  the  first  experiments  performed 
under  their  direction  by  Jacubowitsch  were  erroneous ;  and  it  is 
now  acknowledged  by  them,  as  well  as  by  the  French  observers, 
that  sugar  cannot  be  detected  in  the  stomach,  afl;er  the  introduction 
I  of  starch  in  any  form  or  by  any  method.  In  the  ordinary  process 
I  of  digestion,  in  fact,  starchy  matters  do  not  remain  long  enough  in 
I  the  mouth  to  be  altered  by  the  saliva,  but  pass  at  once  into  the  sto- 
»  mach.  Here  they  meet  with  the  gastric  fluids,  which  become  min- 
gled with  them,  and  prevent  the  change  which  would  otherwise  be 
effected  by  the  saliva.  We  have  found  that  the  gastric  juice  will 
interfere,  in  this  manner,  with  the  action  of  the  saliva  in  the  test- 
tube,  as  well  as  in  the  stomach.  If  two  mixtures  be  made,  one  of 
starch  and  saliva,  the  other  of  starch,  saliva,  and  gastric  juice,  and 
both  kept  for  fifteen  minutes  at  the  temperature  of  100°  F.,  in  the 
;  first  mixture  the  starch  will  be  promptly  converted  into  sugar,  while 
in  the  second  no  such  change  will  take  place.    The  above  action, 

•  Op  cit.,  p.  26. 


SALIVA.  131 

therefore,  of  saliva  on  starch,  though  a  curious  and  interesting  pro- 
perty, has  no  significance  as  to  its  physiological  function,  since  it 
does  not  take  place  in  the  natural  digestive  process.  We  shall  see 
hereafter  that  there  are  other  means  provided  for  the  digestion  of 
starchy  matters,  altogether  independent  of  the  action  of  the  saliva.^ 

The  true  function  of  the  saliva  is  altogether  a  physical  one.  Its| 
action  is  simply  to  moisten  the  food  and  facilitate  its  mastication, 
as  well  as  to  lubricate  the  triturated  mass,  and  assist  its  passage 
down  the  oesophagus.  Food  which  is  hard  and  dry,  like  crusts, 
crackers,  &c.,  cannot  be  masticated  and  swallowed  with  readiness, 
unless  moistened  by  some  fluid.  K  the  saliva,  therefore,  be  prevented 
from  entering  the  cavity  of  the  mouth,  its  loss  does  not  interfere 
directly  with  the  chemical  changes  of  the  food  in  digestion,  but  only 
with  its  mechanical  preparation.  This  is  the  result  of  direct  experi- 
ments performed  by  various  observers.  Bidder  and  Schmidt^*  after 
tying  Steno's  duct,  together  with  the  common  duct  of  the  sub- 
maxillary and  sublingual  glands  on  both  sides  in  the  dog,  found 
that  the  immediate  effect  of  such  an  operation  was  "  a  remarkable 
diminution  of  the  fluids  which  exude  upon  the  surfaces  of  the  mouth ; 
so  that  these  surfaces  retained  their  natural  moisture  only  so  long 
as  the  mouth  was  closed,  and  readily  became  dry  on  exposure  to 
contact  with  the  air.  Accordingly,  deglutition  became  evidently 
difficult  and  laborious,  not  only  for  dry  food,  like  bread,  but  even 
for  that  of  a  tolerably  moist  consistency,  like  fresh  meat.  The 
animals  also  became  very  thirsty,  and  were  constantly  ready  to 
drink." 

Bernard*  also  found  that  the  only  marked  effect  of  cutting  off 
the  flow  of  saliva  from  the  mouth  was  a  difficulty  in  the  mechani- 
cal processes  of  mastication  and  deglutition.  He  first  administered 
to  a  horse  one  pound  of  oats,  in  order  to  ascertain  the  rapidity  with 
which  mastication  would  naturally  be  accomplished.  The  above 
quantity  of  grain  was  thoroughly  masticated  and  swallowed  at  the 
end  of  nine  minutes.  An  opening  had  been  previously  made  in 
the  oesophagus  at  the  lower  part  of  the  neck,  so  that  none  of  the 
food  reached  the  stomach ;  but  each  mouthful,  as  it  passed  down  the 
oesophagus,  was  received  at  the  oesophageal  opening  and  examined 
by  the  experimenter.  The  parotid  duct  on  each  side  of  the  face 
was  then  divided,  and  another  pound  of  oats  given  to  the  animal. 
Mastication  and    deglutition  were  both  found  to  be  immediately 

»  Op.  cit.,  p.  3. 

•  Le^ouai  d«  Pbjsiologie  Exp^irimentale,  Pari:*,  16  5G,  p.  14G. 
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retarded.  The  alimentary  masses  passed  down  the  oesophagus  at 
longer  intervals,  and  their  interior  was  no  longer  moist  and  pasty, 
as  before,  but  dry  and  brittle.  Finally,  at  the  end  of  twenty-five 
minutes,  the  animal  had  succeeded  in  masticating  and  swallowing 
only  about  three-quarters  of  the  quantity  which  he  had  previously 
disposed  of  in  nine  minutes. 

It  appears  also,  from  the  experiments  of  Magendie,  Bernard,  and 
Lassaigne,  on  horses  and  cows,  that  the  quantity  of  saliva  absorbed 
by  the  food  during  mastication  is  in  direct  proportion  to  its  hard- 
ness and  drjmess,  but  has  no  particular  relation  to  its  chemical 
qualities.  These  experiments  were  performed  as  follows :  The  oeso- 
phagus was  opened  at  the  lower  part  of  the  neck,  and  a  ligature 
placed  upon  it,  between  the  wound  and  the  stomach.  The  animal 
was  then  supplied  with  a  previously  weighed  quantity  of  food,  and 
this,  as  it  passed  out  by  the  oesophageal  opening,  was  received  into 
appropriate  vessels  and  again  weighed.  The  difference  in  weight, 
before  and  after  swallowing,  indicated  the  quantity  of  saliva  absorbed 
by  the  food.  The  following  table  gives  the  results  of  some  of  Las- 
saigne's  experiments,*  performed  upon  a  horse : — 

Kind  op  Food  emplotbd.  Qdantitt  of  Saliva  absorbbd. 

For  100  parts  of  hay  there  were  absorbed  400  parts  saliva. 

"  barley  meal  "  186  « 

"  oats  "  113  « 

*<  green  stalks  and  leaves    "  49  " 

It  is  evident  from  the  above  facts,  that  the  quantity  of  saliva 
produced  has  not  so  much  to  do  with  the  chemical  character  of  the 
food  as  with  its  physical  condition.  When  the  food  is  dry  and 
hard,  and  requires  much  mastication,  the  saliva  is  secreted  in 
abundance ;  when  it  is  soft  and  moist,  a  smaller  quantity  of  the 
secretion  is  poured  out ;  and  finally,  when  the  food  is  taken  in  a 
fluid  form,  as  soup  or  milk,  or  reduced  to  powder  and  moistened 
artificially  with  a  very  large  quantity  of  water,  it  is  not  mixed  at 
all  with  the  saliva,  but  passes  at  once  into  the  cavity  of  the  stomach. 
,  The  abundant  and  watery  fluid  of  the  parotid  gland  is  most  useful 

;'  in  assisting  mastication ;  while  the  glairy  and  mucous  secretion  of 
the  submaxillary  gland  and  the  muciparous  follicles  serve  to  lubri- 

i    cate  the  exterior  of  the  triturated  mass,  and  facilitate  its  passage 

\   through  the  oesophagus. 

By  the  combined  operation  of  the  two  processes  which  the  food 
undergoes  in  the  cavity  of  the  mouth,  its  preliminary  preparation 

1  Comptes  Rend  us,  vol.  xxi.  p.  362. 
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13  accomplished.  It  is  triturated  and  disintegrated  by  the  teeth, 
aad,  at  the  same  time,  by  the  movements  of  the  jaws,  tongue,  and 
cheel^  it  is  intimately  mixed  with  the  salivary  Buida,  until  the 
whole  is  reduced  to  a  soft,  pasty  mass,  of  the  same  consistency 
throughout  It  is  then  carried  backward  by  the  semi-involuntary 
movements  of  the  tongue  into  the  pharynx,  and  conducted  by  tha 
muscular  contractiona  of  the  oesophagus  into  the  stomach. 


Gaatbic  Juice,  and  Stokach  Digestion, — The  mucous  mem- 
brane of  the  stomach  is  distinguished  by  its  great  vascularity 
and  the  abundant  glandular  apparatus  with  which  it  is  provided. 
Its  entire  thickness  is  occupied  by  certain  glandular  organs,  the 
gastric  tubules  or  follicles,  which  are  so  closely  set  as  to  leave 
almost  no  space  between  them  except  what  is  required  for  the 
capillary  bloodvessels.  The  free  surface  of  the  gastric  mucous 
membrane  is  not  smooth,  but  is  raised  in  minute  ridges  and  pro- 
jecting eminences.  In  the  cardiac  portion  (Fig.  25),  these  ridges  . 
are  reticulated  with  each  other,  so  as  to  include  between  them 
polygonal  interspaces,  each  of  which  is  encircled  by  a  capillary 
network.     In  the  pyloric  portion  (Fig.  26),  the  eminences  are  morer    V' 
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Fig.  26. 


or  less  pointed  and  conical  in  form,  and  generally  flattened  from 
side  to  side.     They  contain  each  a  capillary  bloodvessel,  which  re- 
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Fig.  27. 


i  the  extremity  of  the  projection,  i 

leent  vessels.    The  gastric  follicles  aru 

very    differeat    in    different 

parts  of  the  alomach.    In  tho 

pyloric  portion  (Fig,  27),  they 

-^  are    nearly   straight,   simple 

""f-j,         tubules,  ,|5  of  an   inch 

diameter,     easily     separate 
from  each  other,  lined  witl  _ 
glandular  epithelium,  and  ter- 
minating in  blind  extremities 
at  the  under  surface  of  th©_ 
mucous  membrane.  TheyaJ 
sometimes  slightly  brancliee 
or  provided  with  one  or  tw 
rounded  diverticula,  a  shoi 
distance  above  their  termini 
Pruni  |.»nir>ii ;  .»ni™i  j^ttwa ;  ihowion  )r»-irio    tion.     Thev  Open  OH  the  fre 

l,il.ok.,  .di,   Ud,  .clued   fiiUltl*.     Mugulll.^  TO  P.r 

jifcu.Eier..  surface  or  the  mucous  mem- 

brane, in  the  interspaces  be- 
tween the  projecting  folds  or  villi.    Among  these  tubular  glandule»_ 
there  is  also  found,  in  the  gastric  mucous  membrane,  another  t 
of  glandular  organ,  consisting  of  closed  follicles,  similar  to  the  sola 
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tary  glands  of  the  small  intestine.  These  follicles,  which  are  not  very 
numerous,  are  seated  in  the  lower  part  of  the  mucous  membrane, 
and  enveloped  by  the  caecal  extremities  of  the  tubules.  (Fig.  27,  a.) 

In  the  cardiac  portion  of  the  stomach,  the  tubules  are  very  wide 
in  the  superficial  part  of  the  mucous  membrane,  and  lined  with 
large,  distinctly  marked  cylinder  epithelium  cells.  (Fig.  29.)  In  the 
deeper  parts  of  the  membrane  they  become  branched  and  conside- 
rably reduced  in  size.  From  the  point  where  the  branching  takes 
place  to  their  termination  below,  they  are  lined  with  small  glandular 
epitheliurfi  cellar  and  closely  bound  together  by  intervening  areolar 
tissue,  so  as  to  present  somewhat  the  appearance  of  compound 
glandules. 

The  bloodvessels  which  come  up  from  the  submucous  layer  of 
areolar  tissue  form  a  close  plexus  around  all  these  glandules,  and, 
provide  the  mucous  membrane  with  an  abundant  supply  of  blood,] 
for  the  purposes  both  of  secretion  and  absorption. 

That  part  of  digestion  which  takes  place  in  the  stomach  has 
always  been  regarded  as  nearly,  if  not  quite,  the  most  important 
part  of  the  whole  process.  The  first  observers  who  made  any 
approximation  to  a  correct  idea  of  gastric  digestion  were  Reaumur 
and  Spallanzani,  who  showed  by  various  methods  that  the  reduction 
and  liquefaction  of  the  food  in  the  stomach  could  not  be  owing  to 
mere  contact  with  the  gastric  mucous  membrane,  or  to  compression 
by  the  muscular  walls  of  the  organ;  but  that  it  must  be  attributed 
to  a  digestive  fluid  secreted  by  the  mucous  membrane,  which  pene- 
trates the  food  and  reduces  it  to  a  fluid  form.  They  regarded  this 
process  as  a  simple  chemical  solution,  and  considered  the  gastric 
juice  as  a  universal  solvent  for  all  alimentary  substances.  They 
succeeded  even  in  obtaining  some  of  this  gastric  juice,  mingled 
probably  with  many  impurities,  by  causing  the  animals  upon  which 
they  experimented  to  swallow  sponges  attached  to  the  ends  of 
cords,  by  which  they  were  afterward  withdrawn,  the  fluids  which 
they  had  absorbed  being  then  expressed  and  examined. 

The  first  decisive  experiments  on  this  point,  however,  were  those 
performed  by  Dr.  Beaumont,  of  the  U.  S.  Army,  on  the  person  of 
Alexis  St.  Martin,  a  Canadian  boatman,  who  had  a  permanent  gas- 
tric fistula,  the  result  of  an  accidental  gunshot  wound.  The  musket, 
which  was  loaded  with  buckshot  at  the  time  of  the  accident,  was 
discharged,  at  the  distance  of  a  few  feet  from  St.  Martin's  body,  in 
such  a  manner  as  to  tear  away  the  integument  at  the  lower  part  of 
the  left  chest,  open  the  pleural  cavity,  and  penetrate,  through  the 
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lateral  portion  of  the  diaphragm,  into  the  great  pouch  of  the  stomach. 
Afler  the  integument  and  the  pleural  and  peritoneal  surfaces  had 
united  and  cicatrized,  there  remained  a  permanent  opening,  of  about 
four-fifths  of  an  inch  in  diameter,  leading  into  the  left  extremity  of 
the  stomach,  which  was  usually  closed  by  a  circular  valve  of  pro- 
truding mucous  membrane.  This  valve  could  be  readily  depressed 
at  any  time,  so  as  to  open  the  fistula  and  allow  the  contents  of  the 
stomach  to  be  extracted  for  examination. 

Dr.  Beaumont  experimented  upon  this  person  at  various  intervals 
from  the  year  1825  to  1832.'  He  established  during  the  course  of 
his  examinations  the  following  important  &ct8 :  Firsts  that  the  ac- 
tive agent  in  digestion  is  an  acid  fluid,  secreted  by  the  walls  of  the 
stomach  ;  secondly,  that  this  fluid  is  poured  out  by  the  glandular 
walls  of  the  organ  only  during  digestion,  and  under  the  stimulus  of 
the  food;  and  finally,  that  it  will  exert  its  solvent  action  upon  the 
food  outside  the  body  as  well  as  in  the  stomach,  if  kept  in  glass 
phials  upon  a  sand  bath  at  the  temperature  of  100^  F,  He  made 
also  a  variety  of  other  interesting  investigations  as  to  the  efiect 
of  various  kinds  of  stimulus  on  the  secretion  of  the  stomach,  the 
rapidity  with  which  the  process  of  digestion  takes  place,  the  com- 
parative digestibility  of  various  kinds  of  food,  &c  &c. 

Since  Dr.  Beaumont's  time  it  has  been  ascertained  that  similajr 
gastric  fistulie  may  be  produced  at  will  on  some  of  the  lower  animals 
by  a  simple  operation;  and  the  gastric  juice  has  in  this  way  been 
obtained,  usually  from  the  dog,  by  Blondlot>  Schwann,  Bernard, 
Lehmann  and  others.  The  simplest  and  most  expeditious  mode 
of  doing  the  operation  is  the  best.  An  incision  should  be  made 
through  the  abdominal  parietes  in  the  median  line,  over  the  great 
curvature  of  the  stomach.  The  anterior  wall  of  the  organ  is  then 
to  be  seized  with  a  pair  of  hooked  forceps,  drawn  out  at  the  external 
wound,  and  opened  with  the  point  of  a  bistoury.  A  short  silver 
canula,  one-half  to  three-quarters  of  an  inch  in  diameter,  armed  at 
each  extremity  with  a  narrow  projecting  rim  or  flange,  is  then  in- 
serted into  the  wound  in  the  stomach,  the  edges  of  which  are  fast- 
ened round  the  tube  with  a  ligature  in  order  to  prevent  the  escape 
of  the  gastric  fluids  into  the  peritoneal  cavity.  The  stomach  is  then 
returned  to  its  place  in  the  abdomen,  and  the  canula  allowed  to  re- 
main with  its  external  flange  resting  upon  the  edges  of  the  wound 
in  the  abdominal  integuments,  which  are  to  be  drawn  together  by 

I  Experiments  and  Observations  upon  the  Gastric  Juice.     Boston,  1834. 
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sutures.  Tlie  animal  may  be  kept  perfectly  quiet^  during  the  ope- 
ration, by  the  administration  of  ether  or  chloroform.  In  a  few 
days  the  ligatures  come  away,  the  wounded  peritoneal  sur&ces  are 
united  with  each  other,  and  the  canula  is  retained  in  a  permanent 
gastric  fistula ;  being  prevented  by  its  flaring  extremities  both  from 
falling  out  of  the  abdomen  and  from  being  accidentally  pushed  into 
the  stomach.  It  is  closed  externally  by  a  cork,  which  may  be  with- 
drawn at  pleasure,  and  the  contents  of  the  stomach  withdrawn  for 
examination. 

Experiments  conducted  in  this  manner  coniSrm,  in  the  main,  the 
results  obtained  by  Dr.  Beaumont  Observations  of  this  kind  are 
in  some  respects,  indeed,  more  satisfactory  when  made  upon  the 
lower  animals,  than  upon  the  human  subject ;  since  animals  are 
entirely  under  the  control  of  the  experimenter,  and  all  sources  of 
deception  or  mistake  are  avoided,  while  the  investigation  is,  at  the 
same  time,  greatly  facilitated  by  the  simple  character  of  their  food. 

The  gastric  juice,  like  the  saliva,  is  secreted  in  considerable 
quantity  only  under  the  stimulus  of  recently  ingested  food.  Dr. 
Beaumont  states  that  it  is  entirely  absent  during  the  intervals  of 
digestion ;  and  that  the  stomach  at  that  time  contains  no  acid  fluid, 
but  only  a  little  neutral  or  alkaline  mucus.  He  was  able  to  obtain 
a  sufficient  quantity  of  gastric  juice  for  examination,  by  gently  irri- 
tating the  mucous  membrane  with  a  gum-elastic  catheter,  or  the  end 
of  a  glass  rod,  and  by  collecting  the  secretion  as  it  ran  in  drops 
from  the  fistula.  On  the  introduction  of  food,  he  found  that  the 
mucous  membrane  became  turgid  and  reddened,  a  clear  acid  fiuid 
collected  everywhere  in  drops  underneath  the  layer  of  mucus  lin- 
ing the  walls  of  the  stomach,  and  was  soon  poured  out  abundantly 
into  its  cavity.  We  have  found,  however,  that  the  rule  laid  down 
by  Dr.  Beaumont  in  this  respect,  though  correct  in  the  main,  is  not 
invariable.  The  truth  is,  the  irritability  of  the  gastric  mucous 
membrane,  and  the  readiness  with  which  the  flow  of  gastric  juice 
may  be  excited,  varies  considerably  in  different  animals ;  even  in 
those  belonging  to  the  same  species.  In  experimenting  with  gastric 
fistulfid  on  different  dogs,  for  example,  we  have  found  in  one  instance, 
like  Dr.  Beaumont^  that  the  gastric  juice  was  always  entirely  absent 
in  the  intervals  of  digestion ;  the  mucous  membrane  then  present- 
ing invariably  either  a  neutral  or  slightly  alkaline  reaction.  In 
this  animal,  which  was  a  perfectly  healthy  one,  the  secretion  could 
not  be  excited  by  any  artificial  means,  such  as  glass  rods,  metallic 
catheters,  and  the  like;  but  only  by  the  natural  stimulus  of  ingested 


138  DIGESTION. 

food.  We  have  even  seen  tough  and  indigestible  pieces  of  tendon, 
introduced  through  the  fistula,  expelled  again  in  a  few  minutes^  one 
after  the  other,  without  exciting  the  flow  of  a  single  drop  of  acid 
fluid ;  while  pieces  of  fresh  meat,  introduced  in  the  same  way,  pro- 
duced at  once  an  abundant  supply.  In  other  instances,  on  the  con- 
trary, the  introduction  of  metallic  catheters,  &c.,  into  the  empty 
stomach  has  produced  a  scanty  flow  of  gastric  juice;  and  in  experi- 
menting upon  dogs  that  have  been  kept  without  food  during  various 
periods  of  time  and  then  killed  by  section  of  the  medulla  oblongata, 
we  have  usually,  though  not  always,  found  the  gastric  mucous  mem- 
brane to  present  a  distinctly  acid  reaction,  even  after  an  abstinence 
of  six,  seven,  or  eight  days.  There  is  at  no  time,  however,  under 
these  circumstances,  any  considerable  amount  of  fluid  present  in 
the  stomach ;  but  only  just  sufficient  to  moisten  the  gastric  mucous 
membrane,  and  give  it  an  acid  reaction.' 

The  gastric  juice,  which  is  obtained  by  irritating  the  stomach 
with  a  metallic  catheter,  is  clear,  perfectly  colorless,  and  acid  in 
reaction.  A  sufficient  quantity  of  it  cannot  be  obtained  by  this 
method  for  any  extended  experiments ;  and  for  that  purpose,  the 
animal  should  be  fed,  after  a  fast  of  twenty-four  hours,  with  fresh 
lean  meat,  a  little  hardened  by  short  boiling,  in  order  to  coagulate 
the  fluids  of  the  muscular  tissue,  and  prevent  their  mixing  with  the 
gastric  secretion.  No  effect  is  usually  apparent  within  the  first  five 
minutes  after  the  introduction  of  the  food.  At  the  end  of  that  time 
the  gastric  juice  begins  to  flow ;  at  first  slowly,  and  in  drops.  It  is 
then  perfectly  colorless,  but  very  soon  acquires  a  slight  amber 
tinge.  It  then  begins  to  flow  more  freely,  usually  in  drops,  but 
often  running  for  a  few  seconds  in  a  continuous  stream.  In  this 
way  from  3ij  to  Siiss  may  be  collected  in  the  course  of  fifteen 
minutes.  Afterward  it  becomes  somewhat  turbid  with  the  debris 
of  the  food,  which  has  begun  to  be  disintegrated ;  but  from  this  it 
may  be  readily  separated  by  filtration.  After  three  hours>  it  con- 
tinues to  run  freely,  but  has  become  very  much  thickened,  and 
even  grumous  in  consistency,  from  the  abundant  admixture  of 
alimentary  debris.  In  six  hours  after  the  commencement  of  diges- 
tion it  runs  less  freely,  and  in  eight  hours  has  become  very  scanty, 
thougl;  it  continues  to  preserve  the  same  physical  aj^pearances  as 
before.  It  ceases  to  flow  altogether  in  from  nine  to  twelve  hours, 
according  to  the  quantity  of  food  taken. 

For  purposes  of  examination,  the  fluid  drawn  during  the  first 
fifteen  minutes  after  feeding  should  be  collected,  and  separated  by 
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filtration  from  accidental  impurities.  Obtained  in  this  way,  the 
gastric  juice  is  a  clear,  watery  fluid,  without  any  appreciable  vis- 
cidity, very  distinctly  acid  to  test  paper,  of  a  faint  amber  color, 
and  with  a  specific  gravity  of  1010.  It  becomes  opalescent  on 
boiling,  owing  to  the  coagulation  of  its  organic  ingredients.  The 
following  is  the  composition  of  the  gastric  juice  of  the  dog,  based 
on  a  comparison  of  various  analyses  by  Lehmann,  and  Bidder  and 

Schmidt : — 

CoMPosmoir  of  Ga8tbic  JricR. 

Water 975.00 

Organic  matter         .        •        .        • 15.00 

Lactic  acid 4.78 

Chloride  of  sodium 1.70 

•*         "  potassium 1.08 

"         •«  calcium 0.20 

«         *<  ammoDium 0.65 

Phosphate  of  lime 1.48 

"          "  magnesia 0.06 

«*          "  iron 0.05 

1000.00 

In  place  of  lactic  acid.  Bidder  and  Schmidt  found,  in  most  of  their 
analyses,  hydrochloric  acid.  Lehmann  admits  that  a  small  quantity 
of  hydrochloric  acid  is  sometimes  present,  but  regards  lactic  acid 
as  much  the  most  abundant  and  important  of  the  two.  Bobin  and 
Verdeil  also  regard  the  acid  reaction  of  the  gastric  juice  as  due  to 
lactic  acid;  and,  finally,  Bernard  has  shown,*  by  a  series  of  well 
contrived  experiments,  that  the  free  acid  of  the  dog's  gastric  juice 
is  undoubtedly  the  lactic ;  and  that  the  hydrochloric  acid  obtained 
by  distillation  is  really  produced  by  a  decomposition  of  the  chlo- 
rides, which  enter  into  the  composition  of  the  fresh  juice. 

The  free  acid  is  an  extremely  important  ingredient  of  the  gastric 
secretion,  and  is,  in  fact,  essential  to  its  physiological  properties ; 
for  the  gastric  juice  will  not  exert  its  solvent  action  upon  the  food, 
after  it  has  been  neutralized  by  the  addition  of  an  alkali  or  an 
alkaline  carbonate. 

The  most  important  ingredient  of  the  gastric  juice,  beside  the 
free  acid,  is  its  organic  matter  or  "ferment,"  which  is  sometimes 
known  under  the  name  o{  jjepsine.  This  name,  "pepsine,"  was 
originally  given  by  Schwann  to  a  substance  which  he  obtained 
from  the  mucous  membrane  of  the  pig's  stomach,  by  macerating  it 
in  distilled  water  until  a  putrid  odor  began  to  be  developed.     The 

*  Lemons  do  Physiologie  Expert mentale,  Paris,  155 G,  p.  306. 
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Bubstanoe  ia  question  was  precipitated  from  tlie  watery  infusion  by 
the  addition  of  alcohol,  and  dried ;  and  if  dissolved  afterward  in 
acidulated  water,  it  was  found  to  exert  a  solvent  action  on  boiled 
wbite  of  egg.  This  substance,  however,  did  not  Tepresent  precisely 
the  natural  ingredient  of  the  gastric  secretion,  and  was  probably  a 
mixture  of  various  matters,  some  of  them  the  products  of  com- 
mencing decomposition  of  the  mucous  membrane  itself.  The  name 
pepaine,  if  it  be  used  at  all,  should  be  applied  to  the  organic  matter 
which  naturally  occurs  in  solution  in  the  gastric  juice.  It  is  alto- 
gether unessential,  in  this  respect,  from  what  source  it  may  bo 
originally  derived.  It  has  been  regarded  by  Bernard  and  others, 
on  somewhat  insufficient  grounds,  as  a  product  of  the  alteration  of 
the  mucus  of  the  stomach.  But  whatever  be  its  source,  since  it  is 
always  present  in  the  secretion  of  the  stomach,  and  takes  an  active 
part  in  the  performance  of  its  function,  it  can  be  regarded  in  no 
other  light  than  as  a  real  anatomical  ingredient  of  the  gastric  juio^ 
and  as  essential  to  its  constitution, 

Pepsine  is  precipitated  from  its  solution  in  the  gastric  juice  by 
absolute  alcohol,  and  by  various  metallic  salts,  but  is  not  affected 
by  ferrocyanide  of  potassium. 
It  is  precipitated  also,  and 
coagulated,  by  a  boiling  tem- 
perature; and  the  gastrio 
juice,  accordingly,  after  being 
boiled,  becomes  turbid,  and 
loses  altogether  its  power  of 
dissolving  alimentary  sub- 
stances. Gastric  juice  is  also 
affected  in  a  remarkable 
manner  by  being  mingled 
with  bile.  We  have  found 
that  four  to  six  drops  of  dog's 
bile  precipitate  completely 
with  3j  of  gastric  juice  from 
coRFitvTnin  vtdiiTiiii.ii  rrowinir  In  ih..  Gn«.  the  Same  animal ;  BO  that  tho 
diiini«i>r  0(1.7000  of  nd  Inch.  whole  of  the  biliary  coloring 

matter  is  thrown  down  as  a 
deposit,  and  the  filtered  fluid  is  found  to  have  lost  entirely  its 
digestive  power,  though  it  retains  an  acid  reaction. 

A  very  singular  property  of  the  gastric  juice  is  its  inaptitude  far 
putrefaction.     It  may  be  kept  for  an  indefinite  length  of  time  in  a 
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common  glass-stoppered  bottle  without  developing  any  putrescent 
odor.  A  light  deposit  generally  collects  at  the  bottom,  and  a  con- 
fervoid  vegetable  growth  or  "mould"  often  shows  itself  in  the  fluid 
after  it  has  been  kept  for  one  or  two  weeks.  This  growth  has  the 
form  of  white,  globular  masses,  each  of  which  is  composed  of  deli» 
cate  radiating  branched  filaments  (Fig.  80) ;  each  filament  consisting 
of  a  row  of  elongated  cells,  like  other  vegetable  growths  of  a  similar 
nature.  These  growths,  however,  are  not  accompajiied  by  any 
putrefactive  changes,  and  the  gastric  juice  retains  its  acid  reaction 
and  its  digestive  properties  for  many  months. 

By  experimenting  artificially  with  gastric  juice  on  various  ali- 
mentary substances,  such  as  •meat,  boiled  white  of  egg,  &m^  it  is 
found,  as  Dr.  Beaumont  formerly  observed,  to  exert  a  solvent  action 
on  these  substances  outside  the  body,  as  well  as  in  the  cavity  of  the  / 
stomach.  This  action  is  most  energetic  at  the  temperature  of  100^  ^j^ 
F.  It  gradually  diminishes  in  intensity  below  that  point,  and  ceases  ,  ^  /; 
altogether  near  82*^.  If  the  temperature  be  elevated  above  100*^ 
the  action  also  becomes  enfeebled,  and  is  entirely  suspended  about 
160®,  or  the  temperature  of  coagulating  albumen.  Contrary  to 
what  was  supposed,  however,  by  Dr.  Beaumont,  and  his  predeces- 
sors, the  gastric  juice  is  not  a  universal  solvent  for  all  alimentary  f^,J^ 
substances,  but>  on  the  contrary,  affects  only  a  single  class  of  the 
proximate  principles,  viz.,  the  albuminoid  or  organic  substances. 
Neither  starch  nor  oil,  when  digested  in  it  at  the  temperature  of 
the  body,  sufl;ers  the  slightest  chemical  alteration.  Fatty  matters  /../ 
are  simply  melted  by  the  heat,  and  starchy  substances  are  only 
hydrated  and  gelatinized  to  a  certain  extent  by  the  combined  influ- 
ence of  the  warmth  and  moisture.  Solid  and  semi-solid  albuminoid 
matters,  however,  are  at  once  attacked  and  liquefied  by  the  diges- 
tive fluid.  Pieces  of  coagulated  white  of  egg  suspended  in  it,  in  a 
test-tube,  are  gradually  softened  on  their  exterior,  and  their  edges 
become  pale  and  rounded.  They  grow  thin  and  transparent; 
and  their  substance  finally  melts  away,  leaving  a  light  scanty  de- 
posit, which  collects  at  the  bottom  of  the  test-tube.  While  the 
disintegrating  process  is  going  on,  it  may  almost  always  be  noticed 
that  minute,  opaque  spots  show  themselves  in  the  substance  of  the 
liquefying  albumen,  indicating  that  certain  parts  of  it  are  less  easily 
attacked  than  the  rest ;  and  the  deposit  which  remains  at  the  bot- 
tom is  probably  also  composed  of  some  ingredient,  not  soluble  in 
the  gastric  juice.  If  pieces  of  fresh  meat  be  treated  in  the  same 
manner,  the  areolar  tissue   entering   into  its  composition  is  first 


<» 
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dissolved,  so  that  the  muscular  bundles  become  more  distinct^  and 
separate  from  each  other.  They  gradually  fall  apart,  and  a  little 
brownish  deposit  is  at  last  all  that  remains  at  the  bottom  of  the 
tube.  If  the  hard  adipose  tissue  of  beef  or  mutton  be  subjected 
to  the  same  process,  the  walls  of  the  fat  vesicles  and  the  inter- 
vening areolar  tissue,  together  with  the  capillary  bloodvessels,  &a, 
are  dissolved ;  while  the  oily  matters  are  set  free  from  their  en- 
velops, and  collect  in  a  white,  opaque  layer  on  the  surface.  In 
cheese^  the  casein  is  dissolved,  and  the  oil  which  it  contains  set 
free.  In  bread  the  gluten  is  digested,  and  the  starch  left  un- 
changed. In  milk,  the  casein  is  first  coagulated  by  contact  with 
the  acid  gastric  fluids,  and  afterward  slowly  liquefied,  like  other 
albuminoid  substances. 

The  time  required  for  the  complete  liquefaction  of  these  sub- 
stances varies  with  the  quantity  of  matter  present,  and  with  its  state 
of  cohesion.  The  process  is  hastened  by  occasionally  shaking  up 
the  mixture,  so  as  to  separate  the  parts  already  disintegrated,  and 
bring  the  gastric  fluid  into  contact  with  fresh  portions  of  the  diges- 
tible substance. 

The  liquefying  process  which  the  food  undergoes  in  the  gastric 
juice  is  not  a  simple  solution.  It  is  a  catalytic  transformation, 
produced  in  the  albuminoid  substances  by  contact  with  the  organic 
matter  of  the  digestive  fluid.  This  organic  matter  acts  in  a  similar 
manner  to  that  of  the  catalytic  bodies,  or  "ferments,"  generally. 
Its  peculiarity  is  that,  for  its  active  operation,  it  requires  to  be  dis- 
solved in  an  acidulated  fluid.  In  common  with  other  ferments,  it 
requires  also  a  moderate  degree  of  warmth ;  its  action  being  checked, 
both  by  a  very  low,  and  a  very  high  temperature.  By  its  opera- 
tion the  albuminoid  matters  of  the  food,  whatever  may  have  been 
their  original  character,  are  all,  without  distinction,  converted  into 
a  new  substance,  viz.,  albuminose.  This  substance  has  the  general 
characters  belonging  to  the  class  of  organic  matters.  It  is  uncrys- 
tallizable,  and  contains  nitrogen  as  an  ultimate  element  It  is  pre- 
l  cipitated,  like  albumen,  by  an  excels  of  alcohol,  and  by  the  metallic 
! salts;  but  unlike  albumen,  is  not  affected  by  nitric  acid  or  a  boil- 
'ing  temperature.  It  is  freely  soluble  in  water,  and  after  it  is  once 
produced  by  the  digestive  process,  remains  in  a  fluid  condition, 
and  is  ready  to  be  absorbed  by  the  vessels.  In  this  way,  casein, 
fibrin,  musculine,  gluten,  &c.,  are  all  reduced  to  the  condition  of 
albuminose.  By  experimenting  as  above,  wnth  a  mixture  of  food 
and  gastric  juice  in  test-tubes,  we  have  found  that  the  casein  of 
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cheese  is  entirely  converted  into  albnminose,  and  dissolved  under  .-. 
that  form.    A  very  considerable  portion  of  raw  white  of  egg,  how*j  ^^-» 
ever,  dissolves  in  the  gastric  juice  directly  as  albumen,  and  retains  ^^^  ^ 
its  property  of  coagulating  by  heat.     Soft-boiled  white  of  egg  and  ^     . 
raw  meat  are  principally  converted  into  albuminose ;  but  at  the 
same  time,  a  small  portion  of  albumen  is  also  taken  up  unchanged. 

The  above  process  is  a  true  liquefaction  of  the  albuminoid  sub- 
stances, and  not  a  simple  disintegration.    If  fresh  meat  be  cut  into 
small  pieces,  and  artificially  digested  in  gastric  juice  in  test-tubes, 
at  100*^  F.,  and  the  process  assisted  by  occasional  gentle  agitation, 
the  fluid  continues  to  take  up  more  and  more  of  the  digestible  ^J  (  , 
material  for  from  eight  to  ten  hours.     At  the  end  of  that  time  if  it  » 
be  separated  and  filtered,  the  filtered  fluid  has  a  distinct,  brownish 
color,  and  is  saturated  with  dissolved  animal  matter.     Its  specific 
gravity  is  found  to  have  increased  from  1010  to  1020 ;  and  on  the  f^  ^^ 
addition  of  alcohol  it  becomes  turbid,  with  a  very  abundant  whitish  \  I  ;V 
precipitate  (albuminose).    There  is  also  a  peculiar  odor  developed 
during  this  process^  which  resembles  that  produced  in  the  malting    f"  ■'( 
of  barley. 

Albuminose,  in  solution  in  gastric  juice,  has  several  peculiar 
properties.  One  of  the  most  remarkable  of  these  is  that  it  inter- 
feres with  the  operation  of  Trommer's  test  for  grape  sugar  (see 
page  84).  We  first  observed  and  described  this  peculiarity  in 
1854,'  but  could  not  determine,  at  that  time,  upon  what  particular 
ingredient  of  the  gastric  juice  it  depended.  A  short  time  subse- 
quently it  was  also  noticed  by  M.  Longet,  in  Paris,  who  published 
his  observations  in  the  Gazette  Hehdomadaire  for  February  9th, 
1S55.*  He  attributed  the  reaction  not  to  the  gastric  juice  itself, 
but  to  the  albuminose  held  in  solution  by  it.  We  have  since  found 
this  explanation  to  be  correct.  Gastric  juice  obtained  from  the 
empty  stomach  of  the  fasting  animal,  by  irritation  with  a  metallicl 
catheter,  which  is  clear  and  perfectly  colorless,  does  not  interfere 
in  any  way  with  Trommer's  test ;  but  if  it  be  macerated  for  somei 
hours  in  a  test-tube  with  finely  chopped  meat,  at  a  temperature  of 
100°,  it  will  then  be  found  to  have  acquired  the  property  in  a 
marked  degree.  The  reaction  therefore  depends  undoubtedly  upon 
the  presence  of  albuminose  in  solution.  As  the  gastric  juice,  drawn 
from  the  dog's  stomach  half  an  hour  or  more  after  the  introduction 

I  Ameriean  Joam.  Med.  Sci.,  Oct.  1854,  p.  319. 

*  Noavelles  recherches  relatives  h  Taction  du  sac  gastriqne  sur  les  substances 
tlbomiXKrfdrt.  — (;«*.  Heh4.  9  F  crier,  1855,  p.  103. 
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^  of  food;  already  contains  some  albuminose  in  solution,  it  presents 
the  same  reaction.  If  such  gastric  juice  be  mixed  with  a  small 
quantity  of  glucose,  and  Trommer's  test  applied,  no  peculiarity  is 
'  observed  on  first  dropping  in  the  sulphate  of  copper;  but  on  adding 
afterward  the  solution  of  potassa,  the  mixture  takes  a  rich  purple  hue, 
instead  of  the  clear  blue  tinge  which  is  presented  under  ordinary 
circumstances.  On  boiling,  the  color  changes  to  claret,  cherry  red, 
and  finally  to  a  light  yellow ;  but  no  oxide  of  copper  is  deposited,  and 

,  ,  the  fluid  remains  clear.  If  the  albuminose  be  present  only  in  small 
quantity,  an  incomplete  reduction  of  the  copper  takes  place,  so  that 
the  mixture  becomes  opaline  and  cloudy,  but  still  without  any  well 
marked  deposit.  This  interference  will  take  place  when  sugar  is 
present  in  very  large  proportion.  We  have  found  that  in  a  mix- 
ture of  honey  and  gastric  juice  in  equal  volumes,  no  reduction  of 
copper   takes  place  on  the  application  of  Trommer's  test    It  is 

,  i  remarkable,  however,  that  if  such  a  mixture  be  previously  diluted 
iwith  an  equal  quantity  of  water,  the  interference  does  not  take 
place,  and  the  copper  is  deposited  as  usual. 

Usually  this  peculiar  reaction,  now  that  we  are  acquainted  with 
its  existence,  will  not  practically  prevent  the  detection  of  sugar, 
when  present ;  since  the  presence  of  the  sugar  is  distinctly  indi- 
cated by  the  change  of  color,  as  above  mentioned,  from  purple  to 
yellow,  though  the  copper  may  not  be  thrown  down  as  a  precipi- 
tate. All  possibility  of  error,  furthermore,  may  be  avoided  by 
adopting  the  following  precautions.  The  purple  color,  already  men- 
tioned, will,  in  the  first  place,  serve  to  indicate  the  presence  of  the 
albuminoid  ingredient  in  the  suspected  fluid.  The  mixture  should 
then  be  evaporated  to  dryness,  and  extracted  with  alcohol,  in  order 
to  eliminate  the  animal  matters.  After  that,  a  watery  solution  of 
the  sugar  contained  in  the  alcoholic  extract  will  react  as  usual  with 
Trommer's  test,  and  reduce  the  oxide  of  copper  without  difficulty. 
Another  remarkable  property  of  gastric  juice  containing  albu- 
minose, which  is  not,  however,  peculiar  to  it,  but  common  to  many 
other  animal  fluids,  is  that  of  interfering  with  the  mutual  reaction 
of  starch  and  iodine.  If  5j  of  such  gastric  juice  be  mixed  with  3j 
of  iodine  water,  and  boiled  starch  be  subsequently  added,  no  blue 
color  is  produced ;  though  if  a  larger  quantity  of  iodine  water  be 
added,  or  if  the  tincture  be  used  instead  of  the  aqueous  solution, 
the  superabundant  iodine  then  combines  with  the  starch,  and  pro- 
duces the  ordinary  blue  color.  This  property,  like  that  described 
above,  is  not  possessed  by  pure,  colorless,  gasjric  juice,  taken  from 
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the  empty  stomaoh,  but  is  acquired  bj  it  ou  being  digested  with 
albuminoid  substances. 

Another  important  action  which  takes  place  in  the  stomach, 
beside  the  secretion  of  the  gastric  juioe,  is  the  periataUic  movement 
of  the  organ.  This  movement  is  accomplished  by  the  alternate 
contraction  and  relaxation  of  the  longitudinal  and  circular  fibres 
of  its  muscular  coat.  The  motion  is  minutely  described  by  Dr.  ^ 
Beaumont,  who  examined  it»  both  by  watching  the  movements  of  f^^/r; 
the  food  through  the  gastric  fistula^  and  also  by  introducing  into 
the  stomach  the  bulb  and  stem  of  a  thermometer.  According  to 
his  observations,  when  the  food  first  passes  into  the  stomach,  and 
the  secretion  of  the  gastric  juice  commences,  the  muscular  coat, 
which  was  before  quiescent,  is  excited  and  begins  to  contract  act- 
ively. The  contraction  takes  place  in  such  a  manner  that  the  food, 
after  entering  the  cardiac  orifice  of  the  stomach,  is  first  carried  to 
the  left^  into  tlie  great  pouch  of  the  organ,  thence  doiniward  and 
along  the  great  curvature  to  the  pyloric  portion.  At  a  short  distance 
from  the  pylorus,  Dr.  B.  often  found  a  circular  constriction  of  the 
gastric  parietee,  by  which  the  bulb  of  the  thermometer  was  gently 
grasped  and  drawn  toward  the  pylorus^  at  the  same  time  giving  a 
twisting  motion  to  the  stem  of  the  instrument,  by  which  it  was 
rotated  in  his  fingers.  In  a  moment  or  two,  however,  this  constric- 
tion was  relaxed,  and  the  bulb  of  the  thermometer  again  released, 
and  carried  together  with  the  food  along  the  small  curvature  of 
the  organ  to  its  cardiac  extremity.  This  circuit  was  repeated  so 
long  as  any  food  remained  in  the  stomach ;  but,  as  the  liquefied 
portions  were  successively  removed  toward  the  end  of  digestion,  it 
became  less  active,  and  at  last  ceased  altogether  when  the  stomach 
had  become  completely  empty,  and  the  organ  returned  to  its  ordi- 
nary quiescent  condition. 

It  is  easy  to  observe  the  muscular  action  of  the  stomach  during 
digestion  in  the  dog,  by  the  assistance  of  a  gastric  fistula,  artificially 
established.  If  a  metallic  catheter  be  introduced  through  the  fistula 
when  the  stomach  is  empty,  it  must  usually  be  held  carefully  in 
place,  or  it  will  fall  out  by  its  own  weight.  But  immediately  upon 
the  introduction  of  food,  it  can  be  felt  that  the  catheter  is  grasped 
and  retained  with  some  force,  by  the  contraction  of  the  muscular 
coat.  A  twisting  or  rotatory  motion  of  its  extremity  may  also  be 
frequently  observed,  similar  to  that  described  by  Dr.  Beaumont. 
This  peristaltic  action  of  the  stomach,  however,  is  a  gentle  one, 
and  not  at  all  active  or  violent  in  character.  We  have  never  seen, 
10 
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in  opening  the  abdomen,  any  such  energetio  or  extennre  oontrao- 
tions  of  the  stomach,  even  when  full  of  food,  as  may  be  easily 
excited  in  the  small  intestine  by  the  mere  contact  of  the  atmo^here^ 
or  by  pinching  them  with  the  blades  of  a  foroeps.  This  action  of 
the  stomach,  nevertheless,  though  quite  gentle,  is  sufficient  to  pro- 
duce a  constant  churning  movement  of  the  masticated  food,  by 
which  it  is  carried  back  and  forward  to  every  part  of  the  stomaoh, 
and  rapidly  incorporated  with  the  gastric  juice  which  is  at  the 
same  time  poured  out  by  the  mucous  membrane;  so  that  the 
digestive  fluid  is  made  to  penetrate  equally  every  part  of  the  ali- 
mentary mass,  and  the  digestion  of  all  its  albuminous  ingredients 
goes  on  simultaneously.  This  gentle  and  continuous  movement  of 
the  stomach  is  one  which  cannot  be  successfully  imitated  in  experi- 
ments on  artificial  digestion  with  gastric  juice  in  test-tubes;  and 
consequently  the  process,  under  these  circumstances,  is  never  bo 
rapid  or  so^complete  as  when  it  takes  place  in  the  interior  of  the 
stomach. 

The  length  of  time  which  is  required  for  digestion  varies  in 
different  species  of  animals.  In  the  camivora,  a  moderate  meal  of 
fresh  uncooked  meat  requires  from  nine  to  twelve  hours  for  its 
complete  solution  and  disappearance  from  the  stomach.  According 
to  Dr.  Beaumont,  the  average  time  required  for  digestion  in  the 
human  subject  is  considerably  less ;  varying  from  one  hour  to  five 
hours  and  a  half,  according  to  the  kind  of  food  employed.  This 
is  probably  owing  to  the  more  complete  mastication  of  the  food 
which  takes  place  in  man,  than  in  the  carnivorous  animals.  By 
examining  the  contents  of  the  stomach  at  various  intervals  aft^ 
feeding.  Dr.  Beaumont  made  out  a  list,  showing  the  comparative 
digestibility  of  different  articles  of  food,  of  which  the  following  are 
the  most  important : — 

Time  required  for  digestion,  according  to  Dr.  Beaum<mt : — 

Ki5D  OP  Food.  Hoitbs.  Mnrvm. 

Pig'B  feet 1  00 

Tripe 1  00 

Troat  (broiled) 1  30 

Venison  steak 1  35 

Milk 2  00 

Roasted  turkey 2  30 

**        beef 3  00 

**        mntton 3  15 

Veal  (broiled) 4  00 

Salt  beef  (boiled) 4  15 

Roasted  pork .5  15 
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The  comparative  digestibility  of  different  substances  yaries  more 
or  less  in  difterent  individuals  according  to  temperament ;  but  the 
above  list  undoubtedly  gives  a  correct  average  estimate  of  the  time 
required  for  stomach  digestion  under  ordinary  conditions. 

A  very  interesting  questioa  is  that  which  relates  to  the  total 
quantity  of  gastric  juice  secreted  daily.  Whenever  direct  experi- 
ments have  been  performed  with  a  view  of  ascertaining  this  point, 
their  results  have  given  a  considerably  larger  quantity  than  was 
anticipated.  Bidder  and  Schmidt  found  that,  in  a  dog  weighing 
84  pounds,  they  were  able  to  obtain  by  separate  experiments^  con- 
suming in  all  12  hours,  one  pound  and  three-quarters  of  gastric 
juice.  The  total  quantity,  therefore,  for  24  hours,  in  the  same  ani- 
mal, would  be  3|  pounds;  and,  by  applying  the  same  calculation  to 
a  man  of  medium  size,  the  authors  estimate  the  total  daily  quantity 
in  the  human  subject  as  but  little  less  than  14  pounds  (av.).  This 
estimate  is  probably  not  an  exaggerated  one.  In  order  to  deter- 
mine the  question,  however,  if  possible,  in  a  different  way,  we 
adopted  the  following  plan  of  experiment  with  the  gastric  juice  of 
the  dog.  It  was  first  ascertained,  by  direct  experiment,  that  the 
fresh  lean  meat  of  the  buUock^s  heart  loses,  by  complete  desiccation, 
78  per  cent,  of  its  weight.  800  grains  of  such  meat,  cut  into  small 
pieces,  were  then  digested  for  ten  hours,  in  jiss  of  gastric  juice  at 
100^  F.;  the  mixture  being  thoroughly  agitated  as  often  as  every 
hour,  in  order  to  insure  the  digestion  of  as  large  a  quantity  of  meat 
as  possible.  The  meat  remaining  undissolved  was  then  collected 
on  a  previously  weighed  filter,  and  evaporated  to  dryness.  The 
dry  residue  weighed  55  grains.  This  represented,  allowing  for  the 
loss  by  evaporation,  250  grains  of  the  meat,  in  its  natural  moist 
condition ;  60  grains  of  meat  were  then  dissolved  by  Siss  of  gastric 
juice,  or  83}  grains  per  ounce. 

From  these  data  we  can  form  some  idea  of  the  large  quantity  of 
gastric  juice  secreted  in  the  dog  during  the  process  of  digestion. 
One  pound  of  meat  is  only  a  moderate  meal  for  a  medium-sized 
animal ;  and  yet,  to  dissolve  this  quantity,  no  less  than  thirteen  pints 
of  gastric  juice  will  be  necessary.  This  quantity,  or  any  approxi- 
mation to  it,  would  be  altogether  incredible  if  we  did  not  recollect 
that  the  gastric  juice,  as  soon  as  it  has  dissolved  its  quota  of  food, 
is  immediately  reabsorbed,  and  again  enters  the  circulation,  together 
with  the  alimentary  substances  which  it  holds  in  solution.  The 
secretion  and  reabsorption  of  the  gastric  juice  then  go  on  simulta- 
neously; and  the  fluids  which  the  blood  loses  by  one  process  are 
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incessantly  restored  to  it  by  the  other.  A  very  large  quantity, 
therefore,  of  the  secretion  may  be  poured  out  during  the  digestion 
of  a  meal,  at  an  expense  to  the  blood,  at  any  one  time,  of  only  two 
or  three  ounces  of  fluid.    The  simplest  investigation  shows  that 

.  .  .  sf  the  gastric  juice  does  not  accumulate  in  the  stomach  in  any  oon- 

1     ,     siderable  quantity  during  digestion;    but  that  it  is  gradually 

secreted  so  long  as  any  food  remains  undissolved,  each  portion,  as 

it  is  digested,  being  disposed  of  by  reabsorption,  togetheiw  with  its 

^,1,^ .  ^      solvent  fluid.     There  is  accordingly,  during  digestion,  a  constant 
If*      ^     circulation  of  the  digestive  fluids  from  the  bloodvessels  to  the  ali- 

^*^'  *  mentary  canal,  and  from  the  alimentary  canal  back  again  to  the 

bloodvesstjls. 

That  this  circulation  really  takes  place  is  proved  by  the  fol- 
lowing facts:  First,  if  a  dog  be  killed  some  hours  after  feeding, 
there  is  never  more  than  a  very  small  quantity  of  fluid  found  in 
the  stomach,  just  suflicient  to  smear  over  and  penetrate  the  half 
digested  pieces  of  meat ;  and,  secondly,  in  the  living  animal,  gastric 
juice,  drawn  from  the  fistula  five  or  six  hours  after  digestion  has 
been  going  on,  contains  little  or  no  more  organic  matter  in  solution 
than  that  extracted  fifteen  to  thirty  minutes  after  the  introduction 
of  food.  It  has  evidently  been  freshly  secreted ;  and,  in  order  to 
obtain  gastric  juice  saturated  with  alimentary  matter,  it  must  be 
artificially  digested  with  food  in  test-tubes,  where  this  constant  ab- 
sorption and  renovation  cannot  take  place. 

An  unnecessary  difficulty  has  sometimes  been  felt  in  imderstand- 
ing  how  it  is  that  the  gastric  juice,  which  digests  so  readily  all  albu- 
minous substances,  should  not  destroy  the  walls  of  the  stomach 
itself,  which  are  composed  of  similar  materials.  This,  in  fact,  was 
brought  forward  at  an  early  day,  as  an  insuperable  objection  to  the 
doctrine  of  Reaumur  and  Spallanzani,  that  digestion  was  a  process 
of  chemical  solution  performed  by  a  digestive  fluid.  It  was  said 
to  be  impossible  that  a  fluid  capable  of  dissolving  animal  matters 
should  be  secreted  by  the  walls  of  the  stomach  without  attacking 
them  also,  and  thus  destroying  the  organ  by  which  it  was  itself 
produced.  Since  that  time,  various  complicated  hypotheses  have 
been  framed,  in  order  to  reconcile  these  apparently  contradictory 
facts.  The  true  explanation,  however,  as  we  believe,  lies  in  this— 
that  the  process  of  digestion  is  not  a  simple  solution,  but  a  catalytic 
transformation  of  the  alimentary  substances,  produced  by  contact 
with  the  pepsine  of  the  gastric  juice.  We  know  that  all  the  or- 
ganic substances  in  the  living  tissues  are  constantly  undergoing,  ia 
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the  process  of  nutrition,  a  series  of  catalytic  changes,  which  are 
characteristic  of  the  vital  operations,  and  which  are  determined  hy 
the  oi^anized  materials  with  which  they  are  in  contact^  and  by  all 
the  other  conditions  present  in  the  living  organism.  These  changes, 
therefore,  of  nutrition,  secretion,  &c.,  necessarily  exclude  for  the 
time  all  other  catalyses,  and  take  precedence  of  them.  In  the  same 
way,  any  dead  organic  matter,  exposed  to  warmth,  air,  and  moist- 
ure, putrefies;  but  if  immersed  in  gastric  juice,  at  the  same 
temperature,  the  putrefactive  changes  are  stopped  or  altogether 
prevented,  because  the  catalytic  actions,  excited  by  the  gastric 
juice,  take  precedence  of  those  which  constitute  putrefaction.  For 
a  similar  reason  the  organic  ingredient  of  the  gastric  juice,  which 
acts  readily  on  dead  animal  matter,  has  no  effect  on  the  living 
tissues  of  the  stomach,  because  they  are  already  subject  to  other 
catalytic  influences,  which  exclude  those  of  digestion,  as  well  as 
those  of  putrefaction.  As  soon  as  life  departs,  however,  and  the 
peculiar  actions  taking  place  in  the  living  tissues  come  to  an  end 
with  the  stoppage  of  the  circulation,  the  walls  of  the  stomach  are 
really  attacked  by  the  gastric  juice  remaining  in  its  cavity,  and 
are  more  or  less  completely  digested  and  liquefied.  In  the  human 
subject,  it  is  rare  to  make  an  examination  of  the  body  twenty-four 
or  thirty-six  hours  after  death,  without  finding  the  mucous  mem- 
brane of  the  great  pouch  of  the  stomach  more  or  less  softened  and  ^ 
disintegrated  from  this  cause.  Sometimes  the  mucous  membrane  j^ 
is  altogether  destroyed,  and  the  submucous  cellular  layer  exposed ; 
and  occasionally,  when  death  has  taken  place  suddenly  during 
active  digestion,  while  the  stomach  contained  an  abundance  of 
gastric  juice,  all  the  coats  of  the  organ  have  been  found  destroyed, 
and  a  perforation  produced  leading  into  the  peritoneal  cavity. 
These  post-mortem  changes  show  that^  aft;er  death,  the  gastric  juice 
really  dissolves  the  coats  of  the  stomach  without  difficulty.  But 
during  life,  the  chemical  changes  of  nutrition,  which  are  going  on 
in  their  tissues,  protect  them  from  its  influence,  and  eflectually 
preserve  their  integrity. 

The  secretion  of  the  gastric  juice  is  much  influenced  by  nervous 
conditions.    It  was  noticed  by  Dr.  Beaumont,  in  his  experiments    '"    ' 
upon  St.  Martin,  that  irritation  of  the  temper,  and  other  moral    v 
causes,  would  frequently  diminish  oi^ltogetber  suspend  the  supply 
of  the  gastric  fluids.     Any  febrile  action  in  the  system  or  any       J 
unusual  fatigue,  was  liable  to  exert  a  similar  effect.    Every  one  is        »   ^ 
aware  how  readily  any  mental  disturbance,  such  as  anxiety,  anger. 


160  DIGESTION. 

or  vexation,  will  take  away  the  appetite  and  interfere  with  diges- 
tion. Any  nervous  impression  of  this  kind,  occurring  at  the  com- 
mencement  of  digestion,  seems  moreover  to  produce  some  change 
which  has  a  lasting  effect  upon  the  process;  for  it  is  very  often 
noticed  that  when  any  annoyance^  hurry,  or  anxiety  occurs  soon 
after  the  food  has  been  taken,  though  it  may  last  only  for  a  few 
moments,  the  digestive  process  is  not  only  liable  to  be  suspended 
for  the  time,  but  to  be  permanently  disturbed  during  the  entire 
day.  In  order  that  digestion,  therefore^  may  go  on  properly  in  the 
stomach,  food  must  be  taken  only  when  the  appetite  demands  it; 
it  should  also  be  thoroughly  masticated  at  the  outset ;  and,  finally, 
both  mind  and  body,  particularly  during  the  commencement  of  the 
process,  should  be  &ee  from  any  unusual  or  disagreeable  excite* 
ment. 

Intestinal  Juices,  and  the  Digestion  op  Sugab  and  Stabch. 
— From  the  stomach,  those  portions  of  the  food  which  have  not 
already  suffered  digestion  pass  into  the  third  division  of  the  ali- 
mentary canal,  viz.,  the  small  intestine.  As  already  mentioned,  it 
is  only  the  albuminous  matters  which  are  digested  in  the  stomach. 
■.  Cane  sugar,  it  is  true,  is  slowly  converted  by  the  gastric  juice,  out- 
side the  body,  into  glucose.  We  have  found  that  ten  grains  of 
cane  sugar,  dissolved  in  5ss  of  gastric  juice,  give  traces  of  glucose 
at  the  end  of  two  hours ;  and  in  three  hours,  the  quantity  of  this 
substance  is  considerable.  It  cannot  be  shown,  however,  that  the 
gastric  juice  exerts  this  effect  on  sugar  during  ordinary  digestion. 
If  pure  sugar  cane  be  given  to  a  dog  with  a  gastric  fistula,  while 
digestion  of  meat  is  going  on,  it  disappears  in  from  two  to  three 
hours,  without  any  glucose  being  detected  in  the  fluids  withdrawn 
from  the  stomach.  It  is,  therefore,  either  directly  absorbed  under 
the  form  of  cane  sugar,  or  passes,  little  by  little,  into  the  duodenum, 
where  the  intestinal  fluids  at  once  convert  it  into  glucose. 

It  is  equally  certain  that  starchy  matters  are  not  digested  in  the 
stomach,  but  pass  unchanged  into  the  small  intestine.  Here  they 
meet  with  the  mixed  intestinal  fluids,  which  act  at  once  upon  the 
starch,  and  convert  it  rapidly  into  sugar.  The  intestinal  fluids, 
taken  from  the  duodenum  of  a  recently  killed  dog,  exert  this 
transforming  action  upon  sta]%h  with  the  greatest  promptitude,  if 
mixed  with  it  in  a  test-tube,  and  kept  at  the  temperature  of  100®  F. 
Starch  is  converted  into  sugar  by  this  means  much  more  rapidly 
and  certainly  than  by  the  saliva ;  and  experiment  shows  that  the 
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inteatiDal  fluids  are  the  active  agents  in  its  digestion  during  life. 
If  a  d(^  be  fod  with  a  miztnre  of  meat  and  boiled  starch,  and  killed 
a  short  time  after  the  meal,  the  stomaah  is  found  to  contain  starch 
but  no  sugar ;  vhile  in  the  small  intestine  tbere  is  an  abundance  of 
sugar,  and  bat  little  or  no  starch.  If  some  observers  bare  failed 
to  detect  sugar  in  the  intestine  after  feeding  the  animal  with 
starch,  it  ia  beoanse  tliey  have  delayed  the  examination  until  too 
late.  For  it  is  remarkable  bow  rapidly  starchy  substances,  if  pre- 
viously disintegrated  by  boiling,  are  disposed  of  in  the  digestive 
process.  If  a  dog,  for  example,  be  fed  as  above  with  boiled  starch 
and  meat,  while  some  of  the  meat  remains  in  the  stomach  for 
eight,  nine,  or  ten  hours,  the  starch  begins  immediately  to  pass  into 
the  intestine,  where  it  is  at  once  converted  into  sugar,  and  then  as 
rapidly  absorbed.  The  whole  of  the  starch  may  be  converted  into 
sugar,  and  completely  absorbed,  in  an  hour's  time.  We  have  even 
found,  at  the  end  of  diree-quarters  of  an  hour,  after  a  tolerably 
fall  meal  of  boiled  starch  and  meat,  that  all  trace  of  both  starch 
and  sugar  had  disappeared  from  both  stomach  and  intestine.  The 
rapidity  with  which  this  passage  of  the  starch  into  the  duodenum 
takes  place  varies,  to  some 
extent,  in  different  animals, 
according  to  the  general  ac- 
tivity of  the  digestive  appa- 
ratus; but  it  is  always  a 
comparatively  rapid  process, 
when  the  starch  ia  already 
liquefied  and  is  administered 
in  a  pure  form.  There  can 
be  no  doubt  that  the  nntural 
place  for  the  digestion  of 
starchy  matters  is  the  small 
intestine,  and  that  it  is  ac- 
complished by  the  action  of 
the  intestinal  juices. 

Our  knowledge  is  not  very    ta^°„!;Vfd'''"  *'  '""■""''"•  '""  *"""  '"" 

j  complete  with  regard  to  the 

'  exact  nature  of  the  fluids  by  which  this  digestion  of  the  starch  ia 
accomplished.  The  juices  taken  from  the  duoiienum  are  generally 
a  mixture  of  three  different  secretions,  viz.,  the  bile,  the  pancreatic 
fluid,  and  the  intestinal  juice  proper.  Of  these,  the  bile  may  be 
left  out  of  the  question ;  since  it  does  not,  when  in  a  pure  state, 
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exert  any  digestlre  action  on  starch.    The  pancreatio  juice,  on  the 

otber  band,  hag  the  property  of  converting  starch  into  sngar ;  but 

it  is  not  known  whether  thia  Suid  be  alira3rs  present  in  the  dnode- 

I  num.    The  true  inteatiTtal  juice  is  the  product  of  two  sets  of  glan- 

I  dular  organs,  seated  in  the  substance  of  or  beneath  the  maconA 

I  membrane,  viz.,  the  follicles  of  Lieberkiilm  and  the  glands  of  Brun- 

j  Her.     The  first  of  these,  or  Lieberkiihn's  follicles  (Fig,  81),  are  the 

I  most  numerous.     They  are  simple,  nearly  Btraight  tubules,  lined 

'with  a  continuation  of  the  intestinal  epithelium,  and  somewhat 

Isimilar  in  their  appearance  to  the  follicles  of  the  pyloric  portion  of 

'.the  stomach.    They  occupy  the  whole  thickness  of  the  mucous 

imembrane,  and  are  found  in  great  numbers  throughout  the  entire 

length  of  the  small  and  large  intestine. 

The  glands  of  Brunner  (Fig.  S2),  or  the  duodenal  glandaUe,  as 
they  are  sometimes  called,  are  confined  to  the  upper  part  c^  the  duo- 
denum, where  they  exist  as  a 
closely  set  layer,  in  the  deeper 
portion  of  the  mucous  mem- 
brane, extending  downward  a 
short  distance  &om  the  pylo- 
rus. They  are  composed  of 
a  great  number  of  rounded 
follicles,  clustered  round  a 
central  excretory  duct.  Each 
follicle  consists  of  a  delicate 
membranous  wall,  lined  with 
glandular  epithelium,  and 
covered  on  its  surface  with 
small,  distinctly  marked  nu- 
clei. The  follicles  collected 
GL1ID4,  rrom  Hnnwn  imniiDi  around  coch  duct  aTC  bouttd 

together  by  a  thin  layer  of 
areolar  tissa^  and  covered  with  a  plexus  of  capillary  bloodvessels. 
The  intestinal  juice,  which  is  the  secreted  product  of  the  above 
glandular  organs,  has  been  less  successfully  studied  than  the  other 
digestive  fluids,  owing  to  the  difficulty  of  obtaining  it  in  a  pure 
state.  The  method  usually  adopted  has  been  to  make  an  opening 
in  the  abdomen  of  the  living  animal,  take  out  a  loop  of  intestine, 
empty  it  by  gentle  pressure,  and  then  to  shut  off  a  portion  of  it 
from  the  rest  of  the  intestinal  cavity  by  a  couple  of  ligatures^ 
situated  six  or  eight  inches  apart;  after  which  the  loop  is  returned 
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into  the  abdomen,  and  the  external  wound  closed  by  sutures. 
After  six  or  eight  hours  the  animal  is  killed,  and  the  fluid,  which 
has  collected  in  the  isolated  portion  of  intestine,  taken  out  and 
examined.    The  above  was  the  method  adopted  bj  Frerichs.    Bid- 
der and  Schmidt,  in  order  to  obtain  pure  intestinal  juice,  first  tied 
the  biliary  and  pancreatic  ducts,  so  that  both  the  bile  and  the  pan- 
creatic juice  should  be  shut  out  from  the  intestine,  and  then  estab- 
lished an  intestinal  fistula  below,  from  which  they  extracted  the 
fluids  which  accumulated  in  the  cavity  of  the  gut.     From  the  great  '  " . 
abundance  of  the  follicles,  of  Lieberklihn,  we  should  expect  to  find  -'' 
the  intestinal  juice  secreted  in  large  quantity.    It  appears,  however, 
in  point  of  fact^  to  be.quite  scanty,  as  the  quantity  collected  in  the 
above  manner  by  experimenters  has  rarely  been  sufficient  for  a 
thorough  examination  of  its  properties.    It  seems  to  resemble  very    )' 
closely,  in  its  physical  characters,  the  secretion  of  the  mucous  folli-l  };: 


4     K. 


w 


^  t  '.-•  > 


cles  of  the  mouth.    It  is  colorless  and  glassy  in  appearance,  viscid 
and  mucous  in  consistency,  and  has  a  distinct  alkaline  reaction,  i^  p^^ 
It  has  the  property  when  pure,  as  well  as  when  mixed  with  other  ^^Jd, , 
secretions,  of  rapidly  converting  starch  into  sugar,  at  the  tempera-    f  .nv^*^'- 
ture  of  the  living  body.  C  '  \y  •      '   '  O  ^-       :'  ^• 

J>  i     '   '  '  -^ 

Pancreatic  Juice,  and  the  Digestion  of  Fat. — ^The  only  re-      ,  j 
maining  ingredients  of  the  food  that  require  digestion  are  the  oily  -" 
matters.     These  are  not  afiected,  as  we  have  already  stated,  by  con-  ' 
tact  with  the  gastric  juice ;  and  examination  shows,  furthermore,  :     ,    i    * 
that  they  are  not  digested  in  the  stomach.    So  long  as  they  remain 
in  the  cavity  of  this  organ  they  are  unchanged  in  their  essential 
properties.    They  are  merely  melted  by  the  warmth  of  the  stomach, 
and  set  free  by  the  solution  of  the  vesicles,  fibres,  or  capillary  tubes 
in  which  they  are  contained,  or  among  which  they  are  entangled ; 
and  are  still  readily  discernible  by  the  eye,  floating  in  larger  or 
smaller  drops  on  the  surface  of  the  semi-fluid  alimentary  mass.        ,  ; 
Very  soon,  however,  after  its  entrance  into  the  intestine,  the  oily        '  i 
portion  of  the  food  loses  its  characteristic  appearance,  and  is  con- 
verted into  a  white,  opaque  emulsion,  which  is  gradually  absorbed.         '     V 
This  emulsion  is  termed  the  chyle,  and  is  always  found  in  the  small ' 
intestine  during  the  digestion  of  fat,  entangled  among  the  valvulse 
conniventes,  and  adhering  to  the  surface  of  the  villi.     The  digestion  | 
of  the  oil,  however,  and  its  conversion  into  chyle,  does  not  take  j 
place  at  once  upon  its  entrance  into  the  duodenum,  but  only  after  i 
it  has  passed  the  orifices  of  the  pancreatic  and  biliary  ducts.     Since 
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these  ducts  almost  invariably  open  into  the  intestine  at  or  near  the 
same  point,  it  was  for  a  long  time  difficult  to  decide  by  which  of 
the  two  secretions  the  digestion  of  the  oil  was  accomplished.  M. 
Bernard,  however,  first  threw  some  light  on  this  question  by  ex- 
perimenting on  some  of  the  lower  animals,  in  which  the  two  ducts 
open  separately.  In  the  rabbit,  for  example,  the  biliary  duct  opens 
as  usual  just  below  the  pylorus,  while  the  pancreatic  duct  com- 
municates with  the  intestine  some  eight  or  ten  inches  lower  down. 
Bernard  fed  these  animals  with  substances  containing  oil,  or  in- 
jected melted  butter  into  the  stomach ;  and,  on  killing  them  after- 
ward, found  that  there  was  no  chyle  in  the  intestine  between  the 
opening  of  the  biliary  and  pancreatic  ducts,  but  that  it  was  abun- 
dant immediately  below  the  orifice  of  the  latter.  Above  this  point, 
also,  he  found  the  lacteals  empty  or  transparent^  while  below  it 
they  were  full  of  white  and  opaque  chyle.  The  result  of  these  ex- 
periments, which  have  since  been  confirmed  by  Prof.  Samuel  Jack- 
son, of  Philadelphia,^  led  to  the  conclusion  that  the  pancreatic  fluid 
is  the  active  agent  in  the  digestion  of  oily  substances ;  and  an  ex- 
amination of  the  properties  of  this  secretion,  when  obtained  in  a 
pure  state  from  the  living  animal,  fully  confirms  the  above  opinion. 
In  order  to  obtain  pancreatic  juice  from  the  dog,  the  animal 
must  be  etherized  soon  after  digestion  has  commenced,  an  incision 
made  in  the  upper  part  of  the  abdomen,  a  little  to  the  right  of  the 
median  line,  and  a  loop  of  the  duodenum,  together  with  the  lower 
extremity  of  the  pancreas  which  lies  adjacent  to  it,  drawn  out  at 
the  external  wound.  The  pancreatic  duct  is  then  to  be  exposed 
and  opened,  and  a  small  silver  canula  inserted  into  it  and  secured 
by  a  ligature.  The  whole  is  then  returned  into  the  abdomen  and 
the  wound  closed  by  sutures,  leaving  only  the  end  of  the  canula 
projecting  from  it  In  the  dog  there  are  two  pancreatic  ducts, 
situated  from  half  an  inch  to  an  inch  apart.  The  lower  one  of 
these,  which  is  usually  the  larger  of  the  two,  is  the  one  best  adapted 
for  the  insertion  of  the  canula.  After  the  effects  of  etherization 
have  passed  off,  and  the  digestive  process  has  recommenced,  the 
pancreatic  juice  begins  to  run  from  the  orifice  of  the  canula,  at  first 
very  slowly  and  in  drops.  Sometimes  the  drops  follow  each  other 
with  rapidity  for  a  few  moments,  and  then  an  interval  occurs  during 
which  the  secretion  seems  entirely  suspended.  Afl«r  a  time  it  re- 
commences, and  continues  to  exhibit  similar  fluctuations  during 
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the  whole  course  of  the  experiment.  Its  flow,  however,  is  at  all 
times  scaiitj,  compared  with  that  of  the  gastric  juice ;  and  we  have 
never  been  able  to  collect  more  than  a  little  over  two  fluidounces 
and  a  half  during  a  period  of  three  hours,  in  a  dog  weighing  not 
more  than  forty-five  pounds.  This  is  equivalent  to  about  864 
grains  per  hour;  but  as  the  pancreatic  juice  in  the  dog  is  secreted 
with  freedom  only  during  digestion,  and  as  this  process  is  in  opera* 
tion  not  more  than  twelve  hours  out  of  the  twenty-four,  the  entire 
amount  of  the  secretion  for  the  whole  day,  in  the  dog,  may  be  esti- 
mated at  4,868  grains.  This  result^  applied  to  a  man  weighing  140 
pounds,  would  give,  as  the  total  daily  quantity  of  the  pancreatic 
juice,  about  18,104  grains^  or  1,872  pounds  avoirdupois.  %  i  jj    a  ^Jlr  ^ 

Pancreatic  juice  obtained  by  the  above  process  is  a  clear,  color- 
less, somewhat  viscid  fluid,  with  a  distinct  alkaline  reaction.  Its 
composition,  according  to  the  analysis  of  Bidder  and  Schmidt,  is  as 
follows: — 

CoxFMinov  or  PAaroBiATic  Juicb. 
Water 900.76 

Organic  matter  (pancreatine) 90.38 

Chloride  of  sodium 7.36 

Free  soda 0.32 

Pbosphate  of  Boda 0.45 

Sulphate  of  soda 0.10 

Sulphate  of  potassa 0.02 

{  Lime 0  64 

CombinationB  of -j  Magnesia 0.05 

I  Oxide  of  iron 0.02 

1000.00 

The  most  important  ingredient  of  the  pancreatic  juice  is  its  } 
organic  matter,  or  pancreatine.  It  will  be  seen  that  this  is  much 
more  abundant  in  proportion  to  the  other  ingredients  of  the  secre- 
tion than  the  organic  matter  of  any  other  digestive  fluid.  It  is 
coagulable  by  heat ;  and  the  pancreatic  juice  often  solidifies  com- 
pletely on  boiling,  like  white  of  egg,  so  that  not  a  drop  of  fluid  re- 
mains after  its  coagulation.  It  is  precipitated,  furthermore,  by 
nitric  acid  and  by  alcohol,  and  also  by  sulphate  of  magnesia  in 
excess.  By  this  last  property,  it  may  be  distinguished  from  albu-  . 
men,  which  is  not  affected  by  contact  with  sulphate  of  magnesia. 

Fresh  pancreatic  juice,  brought  into  contact  with  oily  matters  at 
the  temperature  of  the  body,  exerts  upon  them,  as  was  first  noticed 
by  Bernard,  a  very  peculiar  effect  It  disintegrates  them,  and  re- 
duces them  to  a  state  of  complete  emulsion,  so  that  the  mixture  is 
at  once  converted  into  a  white,  opaque,  creamy-looking  fluid.    This 
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effect  is  instantaneous  and  permanent,  and  only  requires  that  the 
two  substances  be  well  mixed  by  gentle  agitation.  It  is  singular 
that  some  of  the  Oerman  observers  should  deny  that  the  pancreatic 
juice  possesses  the  property  of  emulsioning  fat,  to  a  greater  extent 
than  the  bile  and  some  other  digestive  fluids ;  and  should  state  that 
although,  when  shaken  up  with  oil,  outside  the  body,  it  reduces 
the  oily  particles  to  a  state  of  extreme  minuteness,  the  emulsion 
is  not  permanent,  and  the  oily  particles  ''soon  separate  again  on 
the  surface."*  We  have  frequently  repeated  this  experiment  with 
difTerent  specimens  of  pancreatic  juice  obtained  from  the  dog,  and 
have  never  failed  to  see  that  the  emulsion  produced  by  it  is  by 
far  more  prompt  and  complete  than  that  which  takes  place  with 
saliva,  gastric  juice,  or  bile.  The  eflFect  produced  by  these  fluids  is 
iu'fact  altogether  insignificant,  in  comparison  with  the  prompt  and 
energetic  action  exerted  by  the  pancreatic  juice.  The  emulsion 
produced  with  the  latter  secretion  may  be  kept,  furthermore,  for  at 
least  twenty-four  hours,  according  to  our  observations,  without  any 
appreciable  separation  of  the  oily  particles,  or  a  return  to  their 
original  condition. 

The  pancreatic  juice,  therefore,  is  peculiar  in  its  action  on  oily 
substances,  and  reduces  them  at  once  to  the  condition  of  an  emul- 
sion. The  oil,  in  this  process,  does  not  suffer  any  chemical  altera- 
tion. It  is  not  decomposed  or  saponified,  to  any  appreciable  extent. 
It  is  simply  emulsioned;  that  is,  it  is  broken  up  into  a  state  of  minute 
subdivision,  and  retained  in  suspension,  by  contact  with  the  organic 
matter  of  the  pancreatic  juice.  That  its  chemical  condition  is  not 
altered  is  shown  by  the  fact  that  it  is  still  soluble  in  ether,  which 
will  withdraw  the  greater  part  of  the  fat  from  a  mixture  of  oil  and 
pancreatic  juice,  as  well  as  from  the  chyle  in  the  interior  of  the 
intestine.  In  a  state  of  emulsion,  the  fat,  furthermore,  is  capable 
of  being  absorbed,  and  its  digestion  may  be  then  said  to  be  accom- 
plished. 

We  find,  then,  that  the  digestion  of  the  food  is  not  a  simple 
operation,  but  is  made  up  of  several  different  processes,  which 
commence  successively  in  different  portions  of  the  alimentary 
canal.  In  the  first  place,  the  food  is  subjected  in  the  mouth  to  the 
physical  operations  of  mastication  and  insalivation.  Reduced  to  a 
soft  pulp  and  mixed  abundantly  with  the  saliva,  it  passes,  secondly, 
into  the  stomach.     Here  it  excites  the  secretion  of  the  gastric  juice, 

'  Lehmann's  Physiological  Chemistry.     Philada.  ed.,  vol.  i.  p.  507. 
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by  the  influence  of  which  its  chemical  transformation  and  solution 
are  commenced.  If  the  meal  consist  wholly  or  partially  of  mus- 
cular flesh,  the  first  effect  of  the  gastric  juice  is  to  dissolve  the 
intervening  cellular  substance,  by  which  the  tissue  is  disintegrated 
and  the  muscular  fibres  separated  from  each  other.  Afterward 
the  muscular  fibres  themselves  become  swollen  and  softened  by 
the  imbibition  of  the  gastric  fluid,  and  are  finally  disintegrated 
and  liquefied.  In  the  small  intestine,  the  pancreatic  and  intestinal 
juices  convert  the  starchy  ingredients  of  the  food  into  sugar,  and 
break  up  the  fatty  matters  into  a  fine  emulsion,  by  which  they  are 
converted  into  chyle. 

Although  the  separate  actions  of  these  digestive  fluids,  however, 
commence  at  different  points  of  the  alimentary  canal,  they  after- 
ward go  on  simultaneously  in  the  small  intestine ;  and  the  changes 
which  take  place  here,  and  which  constitute  the  process  of  intestinal 
digestion,  form  at  the  same  time  one  of  the  most  complicated,  and 
one  of  the  most  important  parts  of  the  whole  digestive  function. 

The  phenomena  of  intestinal  digestion  may  be  studied,  in  the 
^og,  by  killing  the  animal  at  various  periods  aft;er  feeding,  and 
examining  the  contents  of  the  intestine.  We  have  also  succeeded, 
by  establishing  in  the  same  animal  an  artificial  intestinal  fistula, 
in  gaining  still  more  satisfactory  information  on  this  point.  The 
fistula  may  be  established,  for  this  purpose,  by  an  operation  precisely 
similar  to  that  already  described  as  employed  for  the  production  of 
a  permanent  fistula  in  the  stomach.*  The  silver  tube  having  been 
introduced  into  the  lower  part  of  the  duodenum,  the  wound  is 
allowed  to  heal,  and  the  intestinal  secretions  may  then  be  with- 
drawn at  will,  and  subjected  to  examination  at  different  periods 
during  digestion. 

By  examining  in  this  way,  from  time  to  time,  the  intestinal 
fluids,  it  at  once  becomes  manifest  that  the  action  of  the  gastric 
juice,  in  the  digestion  of  albuminoid  substances,  is  not  confined  to 
the  stomach,  but  continues  after  the  food  has  passed  into  the  intes- 
tine. About  half  an  hour  aft^r  the  ingestion  of  a  meal,  the  gastric 
juice  begins  to  pass  into  the  duodenum,  where  it  may  be  recognized  . 
by  its  strongly-marked  acidity,  and  by  its  peculiar  action,  already ; 
described,  in  interfering  with  Trommer's  test  for  grape  sugar.  It 
has  accordingly  already  dissolved  some  of  the  ingredients  of  the 
food  while  still  in  the  stomach,  and  contains  a  certain  quantity  of 
albuminose  in  solution.  It  soon  afterward,  as  it  continues  to  pass 
into  the  duodenum,  becomes  mingled  with  the  debris  of  muscular 
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fibres,  fat  vesicles,  and  oil  drops;  sabetanoea  wbioh  are  eaailj 
recognizable  under  the  microscope^  and  wbioh  prodooe  a  grayish 
turbidity  in  the  fluid  drawn 
from  the  fistula.  This  tarbid 
admixture  grows  constantly 
thicker  from  the  second  to 
the  tenth  or  twelfth  boar; 
alter  which  the  intestinal 
fluids  become  less  abundant, 
I  and  finally  disappear  almost 
I  entirely,  as  the  process  of  di- 
gestion comes  to  an  end. 

The  passage  of  disint^rated 
muBOolar  tissue  into  the  intes- 
tine may  also  be  shown,  as 
already  mentioned,  by  killing 
the  animal  and  examining 
•t  Pog.—..  TH  \nM;  iiixi  wtik  the  coDtents  of  the  alimentary 
During  the  digestion 
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of  muscular  flesh  and  adipcae 
tissue,  the  stomach  contains 
masses  of  softened  meat^ 
smeared  over  with  gastric 
juice,  and  also  a  moderate 
quantity  of  grayish,  grumous 
fluid,  with  an  acid  reaction. 
This  fluid  containa  muscular 
fibres,  isolated  from  each 
other,  and  more  or  less  dia* 
int^;;rated,  by  the  action  of 
the  gastric  juice.  (Fig.  83.) 
The  flit  vesitiles  are  but  little 
or  not  at  all  altered  in  the 
stomach,  and  there  are  only 
a  few  free  oil  globules  to  be 
lb*  tu  br»kiBit  up.  K,  i.  OMattftMi  nuiaiu  Seen  floating  in  the  mixed 
ab».  e,e.  oil  oiobniM.  fluids,  Contained  in  the  cavity 

of  the  organ.  In  the  duodenum  the  muscular  fibres  are  further 
disintegrated.  (Fig.  84.)  They  become  very  much  broken  up,  pale 
and  transparent,  but  can  still  be  recognized  by  the  granular  mark- 
ings and  Btriationa  which  are  characteristia  of  them.    The  &t  Tosi- 
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Fig.  86. 
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clea  also  begin  to  become  altered  in  the  dnodeamn.    The  solid 

granular  fat  of  beef,  and  similar  Idnda  of  meat,  becomes  liqaefiec] 

and  emulsioned ;  and  appears 

under   the  form  of  free  oil 

drops  and    fatty  motecoles; 

while  the  &t  vesicle  itself  is 

partially  emptied,  and  becomes 

more  or  less  collapsed   and 

shrivelled.      In    the    middle 

and  lower  parts  of  the  intes-   I 

tine  (Figs.  36  and  86)  theeo  | 

changes  continue.    The  mas* 

onlar  fibres  become  constantly 

more  and  more  disintegrated, 

and  a  large  qnantity  of  granu< 

lar  debris  is  produced,  which 

is  at  last  also  dissolved.    The 

fat  also  progressively  disap-  f 

pears,  and  the  vesicles  may 

be  seen  in  the  lower  part  of 

the  intestine,  entirely  collapsed 

and  empty. 

In  this  way  the  digestion  of 
the  different  ingredients  of 
the  food  goes  on  in  a  continu- 
ous manner,  from  the  stomach 
throughout  the  entire  length 
of  the  small  intestine.  At  the 
same  time,  it  results  in  the 
production  of  three  diSerent 
substances,  viz :  Ist.  Albumi- 
nose,  produced  by  the  action 
of  the  gastric  juice  on  the  .^V'r 
albuminoid  matters;  2d.  An 
cnly  emulsion,  produced  by  the  action  of  the  pancreatic  juice  on 
fat ;  and,  Sd.  Sugar,  produced  from  the  transformation  of  starch 
by  the  mixed  intestinal  fluids.  These  substances  are  then  ready 
to  be  taken  up  into  the  circulation ;  and  as  the  mingled  ingredients 
of  the  intestinal  contents  pass  successively  downward,  through  the 
duodenum,  jejunum,  and  ileum,  the  products  of  digestion,  together 
with  the  digestive  seoretions  themselves,  are  gradually  absorbed, 
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one  after  another,  by  the  vessels  of  the  mucous  membrane,  and 
carried  away  by  the  current  of  the  circulation. 

■  The  Large  Intestine  and  its  Contents. — ^Throughout  the 
small  intestine,  as  we  have  just  seen,  the  secretions  are  intended 
exclusively  or  mainly  to  act  upon  the  food,  to  liquefy  or  disinte- 
grate it,  and  to  prepare  it  for  absorption.  But  below  the  situation 
of  the  ileo-caecal  valve,  and  throughout  the  large  intestine,  the  con- 
tents of  the  alimentary  canal  exhibit  a  different  appearance,  and 
are  distinct  in  their  color,  odor,  and  consistency.  This  portion  of 
the  intestinal  contents,  or  the  /eces,  are  not  composed,  for  the  most 
part>  of  the  undigested  remains  of  the  food,  but  consist  principally 
of  animal  substances  discharged  into  the  intestine  by  excretion. 
These  substances  have  not  all  been  fully  investigated ;  for  although 
they  are  undoubtedly  of  great  importance  in  regard  to  the  preser- 
vation of  health,  yet  the  peculiar  manner  in  which  they  are  dis- 
charged by  the  mucous  membrane  and  united  with  each  other  in 
the  feces  has  interfered,  to  a  great  extent,  with  a  thorough  investi- 
gation of  their  physiological  characters.  Those  which  have  been 
most  fully  examined  are  the  following : — 

Excreting, — This  was  discovered  and  described  by  Dr.  W.  Mar- 
cet,'  as  the  most  characteristic  ingredient  in  the  contents  of  the 
large  intestine.  It  is  a  slightly  alkaline,  crystallizable  substance,| 
insoluble  in  water,  but  soluble  in  ether  and  hot  alcohol.  It  crys- 
tallizes  in  radiated  groups  of  four-sided  prismatic  needles.  It  fuse« 
at  204°  F.,  and  burns  at  a  higher  temperature.  It  is  non-nitrogen- 
ous, and  consists  of  carbon,  hydrogen,  oxygen,  and  sulphur,  in  the 
following  proportions : — 

It  is  thought  to  be  present  mostly  in  a  free  state,  but  partly  in  union 
with  certain  organic  acids,  as  a  saline  compound. 

Stercorine, — This  substance  was  found  to  be  an  ingredient  of  the 
human  feces  by  Prof.  A.  Flint,  Jr.*  It  is  soluble  in  ether  and 
boiling  alcohol,  and,  like  excretine,  crystallizes  in  the  form  of 
radiating  needles,  but  fuses  at  a  much  lower  temperature.  It  is 
regarded  by  its  discoverer  as  produced,  by  transformation,  from 
cholesterine,  one  of  the  ingredients  of  the  bile. 

Beside  these  substances,  the  feces  contain  a  certain  amount  of 

■  American  Journal  of  the  Medical  Sciences,  January,  1855,  and  January,  I85S. 
<  Ibid.,  October,  1862. 
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fat,  fattj  acids,  and  the  remnants  of  undigested  food.  Vegetable 
cells  and  fibres  may  be  detected,  and  some  debris  of  the  disin- 
tegrated muscular  fibres  may  almost  always  be  found  after  a  meal 
composed  of  animal  and  vegetable  substances.  But  little  absorp- 
tion, accordingly,  takes  place  in  the  large  intestine.  Its  office  is 
mainly  confined  to  the  separation  and  discharge  of  certain  excre- 
mentitious  substances. 
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Beside  the  glaods  of  Brunner  and  the  follicles  of  Lieberklihn, ' 
already  described,  there  are,  in  the  inner  part  of  the  walls  of  the 
intestine,  certain  glandalar- 
*^S'  ^'*  looking   bodies    which    are 

termed  "glandulte  solitariee," 
and  "glandulsB  agminate." 
The  glanduUe  eolitarite  are 
globular  or  ovoid  bodies,  J^ 
about  one-thirtieth  of  an  inch  '* 
in  diameter,  situated  partly 
in  and  partly  beneath  the  in- 
testinal mucous  membrane. 
Each  glandule  (Fig.  S7)  is 
formed  of  an  investing  cap- 
sule, closed  on  all  sides,  and 
containing  in  its  interior  a 
.  soft  pulpy  mass,  which  con- 
bduii  intniina  or  Pin.  MicBiiw  fiists  of  minute  ccllular  bodles, 
imbedded  in  a  homogeneous 
substance.  The  inclosed  mass 
is  penetrated  by  capillary 
bloodvessels,  which  pass  in 
through  the  investing  cap- 
sule, inosculate  freely  with 
each  other,  and  return  upon 
themselves  in  loops  near  the 
i  centre  of  the  glandular  body. 
.'  There  is  no  eilemal  opening 
or  duct;  in  fact,  the  contents 
of  the  vesicle,  being  pulpy 
and  vascular,  as  already  de- 
scribed, are  not  to  be  regarded 
as  a  secretion,  but  as  consti- 
ofiig.  M.«»ia«i»di.™^«r..  '"  tuting  a  kind  of  solid  gland- 
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'tissue.  The  glandula)  agminatio  (Fig.  38),  or  "  Peyer's  patched,"  as 
they  are  aometimea  called,  consiat  of  aggregations  of  similar  glohukr 
or  ovoid  bodies,  found  most  abundantly  toward  the  lower  extremity 
of  the  small  intestine.  Both  the  solitary  and  agminated  glandules  I 
are  evidently  connected  with  the  lacteals  and  the  system  of  the 
mesenteric  glands,  which  latter  organs  they  resemble  very  much  in  [ 
their  minute  structure.  They  are  probably  to  be  regarded  as  the 
first  row  of  meseutCMo  glands,  situated  in  the  walls  of  the  intestinal 
canal 

Another  set  of  organs,  intimately  connected  with  the  process  of 
irption,  are  the  villi  of  the  small  intestine,  Tiieae  are  conical 
vascular  eminences  of  the  mucous  membrane,  thickly  set  over  the 
whole  internal  surface  ofthe  small  intestine.  In  the  upper  portion  of 
the  inteatine,  they  are  flattened  and  triangular  in  form,  resembling 
somewhat  the  conical  projections  of  the  pyloric  portion  of  the  sto- 
mach. In  the  lower  part  they  are  long  and  filiform,  and  often 
slightly  enlarged,  or  club-shaped  at  their  free  extremity  (Fig.  39), 
and  frequently  attaining  tlie  length  of 
one  thirty-fifth  of  an  inch.  They  are 
covered  externally  with  a  layer  of 
columnar  epithelium,  simitar  to  that 
which  lines  the  rest  of  the  intestinal 
mucous  membrane,  and  contain  in  their 
interior  two  sets  of  ves-'^els.  The  most 
Buperficial  of  these  are  the  capillary 
bloodvessels,  which  are  supplied  in  each 
villus  by  a  twig  of  the  mesenteric 
artery,  and  which  form,  by  their  fre- 
quent inosculation,  an  exceedingly  close 
and  abundant  network,  almost  imme- 
diately beneath  the  epithelial  layer. 
Tliey  unite  at  the  base  of  the  villus, 
and  form  a  minute  vein,  which  is  one 
of  the  commencing  rootlets  of  the  por- 
tal vein.     In  the  central  part  of  the  vil- 

and  lymg  nearly  in  its  axis,  tbere    ,»„i, 

another  vessel,  with  thinner  and  more 

insparent  walls,  which  is  the  commencement  of  a  lacteal.  The 
precise  manner  in  which  the  lacteal  originates  in  the  extremity  of 
the  villus  is  not  known.  It  commences  near  the  apex,  either  by  a 
blind  extremity,  or  by  on  irregular  plexus,  passes,  in  a  straight  or 
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somewhat  wavy  line,  toward  the  base  of  the  villas,  and  then  be- 
J   comes  continuous  with  a  small  twig  of  the  mesenteric  lacteals. 

The  villi  are  the  active  agents  in  the  process  of  absorption.  By 
their  projecting  form,  and  their  great  abundance,  they  increase  enor- 
mously the  extent  of  surface  over  which  the  digested  fluids  come 
in  contact  with  the  intestinal  mucous  membrane,  and  increase,  also, 
to  a  corresponding  degree,  the  energy  with  which  absorption  takes 
place.  They  hang  out  into  the  nutritious,  semi-fluid  mass  contained 
in  the  intestinal  cavity,  as  the  roots  of  a  tree  penetrate  the  soil ;  and 
they  imbibe  the  liquefied  portions  of  the  food,  with  a  rapidity  which 
is  in  direct  proportion  to  their  extent  of  surface,  and  the  activity  of 
their  circulation. 

v.^'  i  The  process  of  absorption  is  also  hastened  by  the  peristaltic 
;  movements  of  the  intestine.  The  muscular  layer  here,  as  in  other 
- '  parts  of  the  alimentary  canal,  is  double,  consisting  of  both  circular 
j  and  longitudinal  fibres.  The  action  of  these  fibres  may  be  readily 
I  seen  by  pinching  the  exposed  intestine  with  the  blades  of  a  forceps. 
A  contraction  then  takes  place  at  the  spot  irritated,  by  which  the 
intestine  is  reduced  in  diameter,  its  cavity  obliterated,  and  its  con- 
tents forced  onward  into  the  succeeding  portion  of  the  alimentary 
canal.  The  local  contraction  then  propagates  itself  to  the  neighbor- 
ing parts,  while  the  portion  originally  contracted  becomes  relaxed ; 
so  that  a  slow,  continuous,  creeping  motion  of  the  intestine  is  pro- 
duced, by  successive  waves  of  contraction  and  relaxation,  which 
follow  each  other  from  above  downward.  At  the  same  time,  the 
longitudinal  fibres  have  a  similar  alternating  action,  drawing  the 
narrowed  portions  of  intestine  up  and  down,  as  they  successively 
enter  into  contraction,  or  become  relaxed  in  the  intervals.  The  efiect 
of  the  whole  is  to  produce  a  peculiar,  writhing,  worm-like,  or 
•'vermicular"  motion,  among  the  diflFerent  coils  of  intestine.  During 
life,  the  vermicular  or  peristaltic  motion  of  the  intestine  is  excited 
by  the  presence  of  food  undergoing  digestion.  By  its  action,  the 
substances  which  pass  from  the  stomach  into  the  intestine  are 
steadily  carried  from  above  downward,  so  as  to  traverse  the  entire 
length  of  the  small  intestine,  and  to  come  in  contact  successively 
with  the  whole  extent  of  its  mucous  membrane.  During  this  pas- 
sage, the  absorption  of  the  digested  food  is  constantly  going  on. 
Its  liquefied  portions  are  taken  up  by  the  villi  of  the  mucous  mem- 
brane, and  successively  disappear ;  so  that,  at  the  termination  of  the 
small  intestine,  there  remains  only  the  undigestible  portion  of  the 
food,  together  with  the  refuse  of  the  intestinal  secretions.    These 
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pass  throagh  the  ileo-casoal  orifice  intotbe  large  intestine^  aod  there 
become  reduced  to  the  condition  of  feces. 

The  absorption  of  the  digested  fluids  is  accomplished  botb  hj 
the  bloodresaels  and  the  lacteala.    It  was  formerly  supposed  that  I 
the  laoteals  were  the  olI;  agents  in  this  process;  but  it  has  nour  | 
been  long  known  that  this  opinion  was  erroneous  and  that  the  J 
bloodvessels  take  at  least  an  equal  part  in  absorption,  and  are  in  I 
some  respects  the  most  active  and  important  agents  of  the  two. 
Abnndant  experiments  have  demonstrated  not  only  that  soluble 
substances  introduced  into  the  intestine  may  be  soon  af^rward 
detected  in  the  blood  of  the  portal  vein,  but  that  absorption  takes 
place  more  rapidly  and  abundantly  by  the  bloodvessels  than  by 
the  lacteals.     The  most  decisive  of  these  experiments  were  those 
performed  by  Fanizza  on  the  abdominal  circulation.*     This  ob- 
server opened  the  abdomen  of  a  horse,  and  drew  out  a  fold  of  the 
small  intestine,  eight  or  nine  inches  in  length  (Fig.  10,  a,  a),  which 

ng.40. 


he  included  between  two  ligatures,  A  ligature  was  then  placed  (at 
b)  upon  the  mesenteric  vein  receiving  the  blood  from  this  portion 
of  intestine ;  and,  in  order  that  the  circulation  might  not  be  inter- 
rupted, an  opening  was  made  (at  d)  in  the  vein  behind  the  ligature^ 
BO  that  the  blood  brought  by  the  mesenteric  artery,  after  circulating 

■  Id  Ifsttencei's  Leetnrea  on  the  Ph/f>ical  Pbntomenftof  LWiog  Beings,  Pereirft^ 
adiUon,  p.  63. 
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in  the  iDtestinal  capillaries,  passed  out  at  the  opening;  and  was 
collected  in  a  vessel  for  examination.  Hydrocyanic  acid  was  then 
introduced  into  the  intestine  by  an  opening  at  c,  and  almost  imme- 
diately  afterward  its  presence  was  detected  in  the  venous  blood 
flowing  from  the  orifice  at  cL  The  animal,  however,  was  not  poi- 
soned,  since  the  acid  was  prevented  from  gaining  an  entrance  into 
the  general  circulation  by  the  ligature  at  b. 

Panizza  afterward  varied  this  experiment  in  the  following  man- 
ner:  Instead  of  tying  the  mesenteric  vein,  he  simply  compressed  it. 
Then,  hydrocyanic  acid  being  introduced  into  the  intestine,  as  above, 
no  effect  was  produced  on  the  animal,  so  long  as  compression  was 
maintained  upon  the  vein.  But  as  soon  as  the  blood  was  allowed 
to  pass  again  through  the  vessels,  symptoms  of  general  poisoning 
at  once  became  manifest.  Lastly,  in  a  third  experiment,  the  same 
observer  removed  all  the  nerves  and  lacteal  vessels  supplying  the 
intestinal  fold,  leaving  the  bloodvessels  alone  untouched.  Hydro- 
cyanic acid  now  being  introduced  into  the  intestine,  found  an 
entrance  at  once  into  the  general  circulation,  and  the  animal  was 
iiQiifiediately  poisoned.  The  bloodvessels,  therefore,  are  not  only 
capable  of  absorbing  fluids  from  the  intestine,  but  may  even  take 
^       them  up  more  rapidly  and  abundantly  than  the  lacteals. 

These  two  sets  of  vessels,  however,  do  not  absorb  all  the  aliment- 
ary matters  indiscriminately.  It  is  one  of  the  most  important  of 
the  facts  which  have  been  established  by  modem  researches  on 
digestion  that  the  different  substances,  produced  by  the  operation  of 
the  digestive  fluids  on  the  food,  pass  into  the  circulation  by  diflferent 
routes.  The  fatty  matters  are  taken  up  by  the  lacteals  under  the  form 
-<^-  of  chyle,  while  the  saccharine  and  albuminous  matters  pass  by  ab- 

sorption into  the  portal  vein.  Accordingly,  setter  the  digestion  of  a 
meal  containing  starchy  and  animal  matters  mixed,  albuminose  and 
sugar  are  both  found  in  the  blood  of  the  portal  vein,  while  they  can- 
not be  detected,  in  any  large  quantity,  in  the  contents  of  the  lacteals. 
These  substances,  however,  do  not  mingle  at  once  with  the  general 
mass  of  the  circulation,  but  owing  to  the  anatomical  distribution  of 
the  portal  vein,  pass  first  through  the  capillary  circulation  of  the 
liver.  Soon  after  being  introduced  into  the  blood  and  coming  in 
contact  with  its  organic  ingredients,  they  become  altered  and  con- 
verted, by  catalytic  transformation,  into  other  substances.  The 
''  albuminose  passes  into  the  condition  of  ordinary  albumen,  and 
k."  probably  also  partly  into  that  of  fibrin;  while  the  sugar  rapidly 

becomes  decomposed,  and  loses  its  characteristic  properties;   so 
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that,  on  arriviDg  at  the  entrance  of  the  general  circulation,  both 
these  newly  absorbed  ingredients  have  become  already  aBsimilated 
to  those,Thicb  previously  existed  in  the  blood. 

The  chyle  in  the  intestine  consists,  as  we  have  already  mentioned, 
of  oily  mattera  which  have  not  been  chemically  altered,  but  simply 
reduced  to  a  state  of  emulsion.  In  chyle  drawn  from  the  lacteals 
or  the  thoracic  duct  (Fig.  41),  it  still  presents  itself  in  the  same 
condilion  and  retains  all  the 
chemical    properties    of   oil.  ^>8-  41 

Examined  by  the  microscope, 
it  is  seen  to  exist  under  the 
form  of  fine  granules  and 
molecules,  which  present  the 
ordinary  appearances  of  oil 
in  a  8tat«  of  minute  subdivi- 
sion. The  chyle,  therefore, 
does  not  represent  the  entire 
product  of  the  digestive  pro- 
cess, but  contains  only  the 
fatty  substances,  suspended 
by  emulsion  in  a  serous  fluid. 

During  the  time  that  intes- 
tinal absorption  is  aoiaa  on,      Chtm  noN  cniinii»cii»>jtT i-r  TnnMictn 
alter  a  meal  containing  fatty    tnm  i-io,n)o(h  or  h  ineb  dawmraid. 
ingredients,  the  lacteals  may 

be  seen  as  white,  opaque  vessels,  distended  with  milky  chyle,  pass- 
ing through  the  mesentery,  and  converging  from  its  intestinal  bor- 
der toward  the  receptaculum  chyli,  near  the  spinal  column.  During 
their  course,  they  pass  through  several  successive  rows  of  mesenteric 
glands,  which  also  become  turgid  with  chyle,  while  the  process  of 
digestion  is  going  on.  The  lacteals  then  conduct  the  chyle  to  the 
receptaculum  chyli,  whence  it  passes  upward  through  the  thoracic 
duct,  and  is  finally  discharged,  at  the  termination  of  this  canal,  into 
the  left  subclavian  vein.  (Fig.  42.)  It  is  then  mingled  with  the 
returning  current  of  venous  blood,  and  passes  into  the  right  cavities 
of  the  heart. 

The  lacteals,  however,  are  not  a  special  system  of  vessels  by  them- 
selves, but  are  simply  a  part  of  the  great  system  of  "  absorbent"  or 
"  lymphatic"  vessels,  which  are  to  be  found  everywhere  in  the  integu- 
ments of  the  head,  the  parietes  of  the  trunk,  the  upper  and  lower 
extremities,  and  in  the  muscular  tissues  and  mucous  membranes 
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througliout  the  body.     The  walls  of  these  vessels  are  thinner  and 

more  transparent  than  those  of  the  arteries  and  veins,  and  they  are 

consequently  less  easily  detected  by  ordinary  dissection.     Tliey 

.  orifnnate  in  the  tissues  of  the 
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above-mentioned  parts  by  an 
irregular  plexus.     They  pass 
from  the  extremities  toward 
the    trunk,   converging    and 
uniting  with  each  other  like  the 
veins,  their  principal  branches 
taking   usually  the  same  di- 
rection with  the  nerves  and 
bloodvessels,  and  passing,  at 
various  points  in  their  course, 
through  certain  glandular  bo- 
dies, the  "  lymphatic"  or  "ab-  i 
aorbent"   glands.     The   lyiU"! 
phatic  glands,  among   whiclbl 
are  included  the   mesenteric] 
glands,  consist  of  an  external  1 
layer  of  fibrous  tissue  and  ft  J 
contained  pulp  or  parenohy-  i 
ma.     The  investing  layer  ait:'M 
fibrous  tissue  sends  off  thin<T 
septa  or  laminaa  from  its  in-.'" 
""""--..^    ■■  ternal   surface,   which    pen*-' 

t*(7T»*i.i.  thoiacic  pcct.  kt.-a.  inWn-    tralethesubstanceofthegland 
iiK  ft,  vnni.  n...  tBferinr.    e,  •  KLi;bi  and  i»fi     [„  evcrv  direction  and  unite 

-nbcUTUo  lelB..    <*.  Polol  at  speDlst  ef  lliorKlci  -  ,  ,  , 

iiBcunig  un  •ubckiinn.  With  each  Other  at  vanoua 

points.  In  this  way  they  form 
an  interlacing  laminated  framework,  which  divides  the  substance 
of  the  gland  into  numerous  rounded  spaces  or  alveoli.  These  alveoli 
are  not  completely  isolated,  but  communicate  with  each  other  by 
narrow  openings,  where  the  intervening  septa  are  incomplete.  These 
cavities  are  filled  with  a  soft,  reddish  pulp,  which  is  penetrated, 
according  to  Kiilliker,  like  the  solitary  and  agminated  glands  of  the 
intestine,  by  a  fine  network  of  capillary  bloodvessels.  The  solitary 
and  agminated  glands  of  the  intestine  are,  therefore,  closely  analo- 
gous in  their  structure  to  the  lymphatics.  The  former  are  to  be  ] 
regarded  as  simple,  the  latter  as  compound  vascular  glands. 

The  arrangement  of  the  lymphatic  vessels  in  the  interior  of  lfatf<| 


I 
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glanda  is  not  precisely  understood.  Each  lymphatic  vessel,  as  itA  .  '■*  A' 
enters  the  gland,  breaks  up  into  a  number  of  minute  ramifications,  >.  i 
the  vasa  afferentia  ;  and  other  similar  twigs,  forming  the  vasa  effer- 
entia,  pass  off  in  the  opposite  direction,  from  the  &rther  side  of  the 
gland ;  but  the  exact  mode  of  communication  between  the  two  has 
not  been  definitely  ascertained.  The  fluids,  however,  arriving  by 
the  vasa  afferentia,  must  pass  in  some  way  through  the  tissue  of 
the  gland,  before  they  are  carried  away  again  by  the  vasa  efierentia. 
From  the  lower  extremities  the  lymphatic  vessels  enter  the  abdomen 
at  the  groin  and  converge  toward  the  receptaculum  chyli,  into 
which  their  fluid  is  discharged,  and  afterward  conveyed,  by  the 
thoracic  duct,  to  the  left  subclavian  vein.  \ 

The  fluid  which  these  vessels  contain  is  called  the  lymph.    It  is    i-^^*"^  • 
a  colorless  or  slightly  yellowish  transparent  fluid,  which  is  absorbed         J^  ^ 
by  the  lymphatic  vessels  from  the  tissues  in  which  they  originate.        '.  -' 
So  far  as  regards  its  composition,  it  is  known  to  contain,  beside     '^      ,^^ 
water  and  saline  matters^  a  small  quantity  of  fibrin  and  albumen.       v> 
Its  ingredients  are  evidently  derived  from  the  metamorphosis  of 
the  tissues,  and  are  returned  to  the  oentrd  of  the  circulation  in 
order  to  be  eliminated  by  excretion^  or  in  order  to  undergo  some 
new  transforming  or  renovating  process.    We  are  ignorant,  how- 
ever, with  regard  to  the  precise  nature  of  their  character  and 
destination. 

The  lacteals  are  simply  that  portion  of  the  absorbents  which    V  V  , 
originate  in  the  mucous  membrane  of  the  small  intestine.     During     ,    ^  '. 
the  intervals  of  digestion,  these  vessels  contain  a  colorless  and 
transparent  lymph,  entirely  similar  to  that  which  is  found  in  other  ! 
parts  of  the  absorbent  system.      After  a  meal  containing  only ; 
starchy  or  albuminoid  substances,  there  is  no  apparent  change  in 
the  character  of  their  contents.    But  after  a  meal  containing  fatty 
matters,  these  substances  are  taken  up  by  the  absorbents  of  the 
intestine,  which  then  become  filled  with  the  white  chylous  emul- 
sion, and  assume  the  appearance  of  lacteals.    (Fig.  43.)    It  is  for 
this  reason  that  lacteal  vessels  do  not  show  themselves  upon  the 
stomach  nor  upon  the  first  few  inches  of  the  duodenum;  because 
oleaginous  matters,  as  we  have  seen,  are  not  digested  in  the  stomach, 
but  only  after  they  have  entered  the  intestine  and  passed  the  orifice 
of  the  pancreatic  duct. 

The  presence  of  chyle  in  the  lacteals  is,  therefore,  not  a  con- 
stant, but  only  a  periodical  phenomenon.  The  fatty  substances 
constituting  the  chyle  begin  to  be  absorbed  during  the  process  of 
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digestion,  as  soon  as  tliey  have  been  disintegrated  and  eraiilsionec 
by  the  action  of  the  intestinal  fluids.  As  digestion  proceeds,  then 
accumulate  in  larger  quantity,  and  gradually  fill  the  whole  lact 


system  and  the  thoracic  duct.  As  they  are  discharged  into  ibt 
I  subclavian  vein,  and  mingled  with  the  blood,  ibey  can  still  be  dis-i 
!  tinguisbed  in  the  circulating  fluid,  as  a  mixture  of  oily  molecular 
,  and  granules,  between  the  orifice  of  the  thoracic  duct  aud  the  righkl 
I  aide  of  the  heart.  AVbile  parsing  through  the  pulmonary  circula- 
*  tion,  however,  they  disappear.  Precisely  what  becomes  of  them, 
L  <  or  what  particuLir  chemical  changes  they  undergo,  ia  not  certainly 
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known.  They  are,  at  all  events,  so  altered  in  the  blood,  while 
passing  through  the  lungs,  that  thej  lose  the  form  of  a  fatty  emul- 
sion, and  are  no  longer  to  be  recognized  by  the  usual  tests  for 
oleaginous  substances.  f  i 

The  absorption  of  fat  from  the  intestine  is  not,  however,  exclu-  /\()L  U) 
sively  performed  by  the  lacteals.  Some  of  it  is  also  taken  up,', 
under  the  same  form,  by  the  bloodvessels.  It  has  been  ascertained  \  ^^ 
by  the  experiments  of  Bernard'  that  the  blood  of  the  mesenteric 
veins,  in  the  carnivorous  animals^  contains,  during  intestinal  diges- 
tion, a  considerable  amount  of  &tty  matter  in  a  state  of  minute 
subdivision.  Other  observers^  also  (Lehmann,  Schultz,  Simon),  have 
found  the  blood  of  the  portal  vein  to  be  considerably  richer  in  fat 
than  that  of  other  veins»  particularly  while  intestinal  digestion  is 
going  on  with  activity.  In  birds,  reptiles,  and  fish,  furthermore, 
according  to  Bernard,  the  intestinal  lymphatics  are  never  filled 
with  opaque  chyle,  but  only  with  a  transparent  lymph ;  so  that  these 
animals  may  be  said  to  be  destitute  of  lacteals,  and  in  them  the  fatty 
substances,  like  other  alimentary  materials,  are  taken  up  altogether 
by  the  bloodvessels.  In  quadrupeds,  on  the  other  hand,  and  in 
the  human  subject,  the  absorption  of  fat  is  accomplished  both  by 
the  bloodvessels  and  the  lacteals.  A  certain  portion  is  taken  up 
by  the  former,  while  the  superabundance  of  the  fatty  emulsion  is 
absorbed  by  the  latter, 

A  difficulty  has  long  been  experienced  in  accounting  for  the  ab- 
sorption of  fat  from  the  intestine,  owing  to  its  being  considered  as  a 
non-endosmotic  substance ;  that  is,  as  incapable,  in  its  free  or  undis- 
solved condition,  of  penetrating  and  passing  through  an  animal 
membrane  by  endosmosis.  It  is  stated,  indeed,  that  if  a  fine  oily  ^>sN\ 
emulsion  be  placed  on  one  side  of  an  animal  membrane  in  an  endos-  \i  ^  ^' 
mometer,  and  pure  water  on  the  other,  the  water  will  readily  pene- 
trate the  substance  of  the  membrane,  while  the  oily  particles  cannot^ 
be  made  to  pass,  even  under  a  high  pressure.  Though  this  be  true, 
however,  for  pure  water,  it  is  not  true  for  slightly  alkaline  fluids, 
like  the  serum  of  the  blood  and  the  lymph.  This  has  been  de- 
monstrated by  the  experiments  of  Matteucci,  in  which  he  made 
an  emulsion  with  an  alkaline  fluid  containing  43  parts  per  thou- 
sand of  caustic  potassa.  Such  a  solution  has  no  perceptible  alkaline 
taste,  and  its  action  on  reddened  litmus  paper  is  about  equal  to 
that  of  the  lymph  and  chyle.    If  this  emulsion  were  placed  in  an 

I  Le^DS  do  Ph/siologie  Exp^ritnentale.     Paris,  1856,  p.  325. 
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IivTBBTiXAL  Epitiixlicm;  from  the  Dog,  while 
fiwting. 


endosmometer,  together  with  a  watery  alkaline  solution  of  similar 
strength,  it  was  found  that  the  oily  particles  penetrated  through  the 

animal    membrane    without 
^^^'  ^'  much  difficulty,  and  mingled 

with  the  fluid  on  the  opposite 
side.  Although,  therefore^ 
we  cannot  explain  the  exact 
mechanism  of  absorption  in 
the  case  of  fat,  still  we  know 
that  it  is  not  in  opposition  to 
the  ordinary  phenomena  of 
endosmosis;  for  endosmosis 
will  take  place  with  a  fatty 
emulsion,  provided  the  fluids 
used  in  the  experiment  be 
slightly  alkaline  in  reaction. 
It  is,  accordingly,  by  a  pro- 
cess of  endosmosis,  or  imbi- 
bition, that  the  villi  take  up 
the  digested  fatty  substances.  There  are  no  open  orifices  or  canals, 
into  which  the  oil  penetrates ;  but  it  passes  directly  into  and  through 

the    substance  of   the  villi. 
^'     "  The  epithelial  cells  covering 

the  external  surface  of  the 
villus  are  the  first  active 
agents  in  this  absorption.  In 
the  intervals  of  digestion  (Fig. 
44)  these  cells  are  but  slightly 
granular  and  nearly  trans- 
parent in  appearance.  But  if 
examined  during  the  diges- 
tion and  absorption  of  fat 
(Fig.  45),  their  substance  is 
seen  to  be  crowded  with  oily 
particles,  which  they  have 
taken  up  from  the  intestinal 
cavity  by  absorption.  The 
oily  matter  then  passes  on- 
ward, penetrating  deeper  and  deeper  into  the  substance  of  the  villus, 
until  it  is  at  last  received  by  the  capillary  vessels  and  lacteals  in  its 
centre. 


IvtbitixalEpitrxliitm 
the  digestion  of  fat. 
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The  fatty  substances  taken  np  by  the  portal  vein,  like  those  ab- 
sorbed by  the  lacteals,  do  not  at  once  enter  the  general  circulation, 
but  pass  first  through  the  capillary  system  of  the  liver.  Thence 
they  are  carried,  with  the  blood  of  the  hepatic  vein,  to  the  right 
side  of  the  heart,  and  subsequently  through  the  capillary  system  of 
the  lungs.  During  this  passage  they  become  altered  in  character, 
as  above  described,  and  lose  for  the  most  part  the  distinguishing 
characteristics  of  oily  matter,  before  they  have  passed  beyond  the 
pulmonary  circulation. 

But  as  digestion  proceeds,  an  increasing  quantity  of  fatty  matter 
finds  its  way,  by  these  two  passages,  into  the  blood ;  and  a  time  at 
last  arrives  when  the  whole  of  the  fat  so  introduced  is  not  destroyed 
during  its  passage  through  the  lungs.  Its  absorption  taking  place 
at  this  time  more  rapidly  than  its  decomposition,  it  begins  to  ap- 
pear, in  moderate  quantity,  in  the  blood  of  the  general  circulation ; 
and,  lastly,  when  the  intestinal  absorption  is  at  its  point  of  greatest 
activity,  it  is  found  in  considerable  abundance  throughout  the 
entire  vascular  system.  At  this  period,  some  hours  after  the  inges- 
tion of  food  rich  in  oleaginous  matters,  the  blood  of  the  general 
circulation  everywhere  contains  a  superabundance  of  fat,  derived 
from  the  digestive  process.  If  blood  be  then  drawn  from  the  veins 
or  arteries  in  any  part  of  the  body,  it  will  present  the  peculiar 
appearance  known  as  that  of  "chylous"  or  "milky"  blood.  After 
the  separation  of  the  clot,  the  serum  presents  a  turbid  appearance ; 
and  the  fatty  substances,  which  it  contains,  rise  to  the  top  after  a 
few  hours,  and  cover  its  surface  with  a  partially  opaque  and  creamy- 
looking  pellicle.  This  appearance  has  been  occasionally  observed 
in  the  human  subject,  particularly  in  bleeding  for  apoplectic  attacks 
occurring  aft;er  a  full  meal,  and  has  been  mistaken,  in  some  instances, 
for  a  morbid  phenomenon.  It  is,  however,  a  perfectly  natural  one, 
and  depends  simply  on  the  rapid  absorption,  at  certain  periods  of 
digestion,  of  oleaginous  substances  from  the  intestine.  It  can  be 
produced  at  will,  at  any  time,  in  the  dog,  by  feeding  him  with  fat 
meat,  and  drawing  blood,  seven  or  eight  hours  afterward,  from  the 
carotid  artery  or  the  jugular  vein. 

This  state  of  things  continues  for  a  varying  length  of  time,  ac- 
cording to  the  amount  of  oleaginous  matters  contained  in  the  food. 
When  digestion  is  terminated,  and  the  fat  ceases  to  be  introduced 
in  unusual  quantity  into  the  circulation,  its  transformation  and 
decomposition  continuing  to  take  place  in  the  blood,  it  disappears 
gradually  from  the  veins,  arteries,  and  capillaries  of  the  general 
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system ;  and,  finally,  when  the  whole  of  the  fat  has  been  disposed 
of  by  the  nutritive  processes,  the  serum  again  becomes  transparent^ 
and  the  blood  returns  to  its  ordinary  condition. 

In  this  manner  the  nutritive  elements  of  the  food,  prepared  for 
absorption  by  the  digestive  process,  are  taken  up  into  the  circulation 
under  the  different  forms  of  albuminose,  sugar,  and  chyle,  and  accu- 
mulate as  such,  at  certain  times,  in  the  blood.  But  these  conditions 
are  only  temporary,  or  transitional.  The  nutritive  materials  soon 
pass,  by  catalytic  transformation,  into  other  forms,  and  become 
assimilated  to  the  pre-existing  elements  of  the  circulating  fluid. 
Thus  they  accomplish  finally  the  whole  object  of  digestion ;  which 
is  to  replenish  the  blood  by  a  supply  of  new  materials  from  without 
There  are,  however,  two  other  intermediate  processes,  taking  place 
partly  in  the  liver  and  partly  in  the  intestine,  at  about  the  same 
time,  and  having  for  their  object  the  final  preparation  and  perfec- 
tion of  the  circulating  fluid.  These  two  processes  require  to  be 
studied,  before  we  can  pass  on  to  the  particular  description  of  the 
blood  itself.  They  are :  1st,  the  secretion  and  reabsorption  of  the 
bile ;  and  2d,  the  production  of  sugar  in  the  liver,  and  its  subse- 
quent decomposition  in  the  blood. 
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CHAPTER    VIII. 


THE  BILE. 


The  bile  is  more  easily  obtained  in  a  state  of  purity  than  any 
other  of  the  secretions  which  find  their  way  into  the  intestinal 
canal,  owing  to  the  existence  of  a  gall-bladder  in  which  it  accu- 
mulates, and  fix>m  which  it  may  be  readily  obtained  without  any 
other  admixture  than  the  mucus  of  the  gall-bladder  itself.  Not- 
withstanding this,  its  study  has  proved  an  unusually  difficult  one. 
This  difficulty  has  resulted  from  the  peculiar  nature  of  the  biliary 
ingredients,  and  the  readiness  with  which  they  become  altered  by 
chemical  manipulation ;  and  it  is,  accordingly,  only  quite  recently 
that  we  have  arrived  at  a  correct  idea  of  its  real  constitution. 

The- bile,  as  it  comes  from  the  gall-bladder,  is  a  somewhat  viscid 
and  glutinous  fluid,  varying  in  color  and  specific  gravity  according 
to  the  species  of  animal  from  which  it  is  obtained.  Human  bile  is 
of  a  dark  golden  brown  color,  ox  bile  of  a  greenish  yellow,  pig's 
bile  of  a  nearly  clear  yellow,  and  dog's  bile  of  a  deep  brown.  We 
have  found  the  specific  gravity  of  human  bile  to  be  1018,  that  of 
ox  bile  1024,  that  of  pig's  bile  1030  to  1036.  The  reaction  of  the 
bile  with- test-paper  cannot  easily  be  determined;  since  it  has  only 
a  bleaching  or  decolorizing  efiect  on  litmus,  and  does  not  turn  it 
either  blue  or  red.  It  is  probably  either  neutral  or  very  slightly 
alkaline.  A  very  characteristic  physical  property  of  the  bile  is 
that  of  frothing  up  into  a  soap-like  foam  when  shaken  in  a  test- 
tube,  or  when  air  is  forcibly  blown  into  it  through  a  small  glass 
tube  or  blowpipe.  The  bubbles  of  foam,  thus  produced,  remain 
for  a  long  time  without  breaking,  and  adhere  closely  to  each  other 
and  to  the  sides  of  the  glass  vessel. 

The  following  is  an  analysis  of  the  bile  of  the  ox,  based  on  the 
calculations  of  Berzelius,  Frerichs,  and-fjehmann : — 
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CoMPoemos  of  Ox  Bilb. 

Water 888.00 

Gljko^holate  of  soda \       oa  rwi 

TauHMjholato  "    " f 

BiliTerdine 

Fats 

Oleates,  margarates,  and  stearates  of  HO<la  and  potaasa 

Cholesterin 

Chloride  of  Bodinm 

Phosphate  of  soda 

"  "  lime 

«  «  magnesia 

Carbonates  of  soda  and  potassa 

Maous  of  the  gall-bladder .1.34 


18.42 


15.24 


1000.00 

BlLiVERDiNE. — Of  the  above  mentioned  ingredients^  biliverdine 
is  peculiar  to  the  bile,  and  therefore  important^  though  not  pre- 
sent in  large  quantity.  This  is  the  coloring  matter  of  the  bile. 
It  is,  like  the  other  coloring  matters,  an  uncrjstallizable  organic 
substance,  containing  nitrogen,  and  yielding  to  ultimate  analysis  a 
small  quantity  of  iron.  It  exists  in  such  small  quantity  in  the  bile 
that  its  exact  proportion  has  never  been  determined.  It  is  formed, 
so  far  as  can  be  ascertained,  in  the  substance  of  the  liver,  and  does 
not  pre-exist  in  the  blood.  It  may,  however,  be  reabsorbed  in 
cases  of  biliary  obstruction,  when  it  circulates  with  the  blood  and 
stains  nearly  all  the  tissues  and  fluids  of  the  body,  of  a  peculiar 
lemon  yellow  color.  This  is  the  symptom  which  is  characteristic 
of  jaundice. 

Cholesterin  (CjjHjjO).— rThis  is  a  crystallizable  substance  which 
resembles  the  fats  in  many  respects ;  since  it  is  destitute  of  nitrogen, 
readily  inflammable,  soluble  in  alcohol  and  ether,  and  entirely  in- 
soluble in  water.  It  is  not  saponifiable,  however,  by  the  action  of 
the  alkalies,  and  is  distinguished  on  this  account  from  the  ordinary 
fatty  substances.  It  occurs,  in  a  crystalline  form,  mixed  with  color- 
ing matter,  as  an  abundant  ingredient  in  most  biliary  calculi ;  and 
is  found  also  in  different  regions  of  the  body,  forming  a  part  of 
various  morbid  deposits.  We  have  met  with  it  in  the  fluid  of 
hydrocele,  and  in  the  interior  of  ipany  encysted  tumors.  The 
crystals  of  cholesterin  (Fig.  46)  have  the  form  of  very  thin,,  color- 
less, transparent,  rhomboidal  plates,  portions  of  which  are  .often 
cut  out  by  lines  of  cleavage  parallel  to  the  sides  of  the  crystal. 
They  frequently  occur  deposited  in  layers,  in  which  the  outlines  of 
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Fig.  46. 


tLe  subjacent  crystals  show  very  distinctly  through  the  substance 
of  those  which  are  placed  above.  Cholesterin  is  not  formed  in  the 
liver,  but  originates  in  the 
substance  of  the  brain  and 
nervous  tissue,  from  which 
it  may  be  extracted  in  large 
quantity  by  the  action  of 
alcohol.  It  has  also  been 
found,  by  Dr.  W.  Marcet,*  to 
exists  in  considerable  abund- 
ance, in  the  tissue  of  the 
spleen.  From  all  these  tis- 
sues it  is  absorbed  by  the 
blood,  then  conveyed  to  the 
liver,  and  discharged  with 
the  bile. 


CROLiiTBrniK,  from  an  Bneysted  Tumor. 


This  fact  has  been  fully 
confirmed  by  the  researches 

of  Pro£  A.  Flint,  Jr.,'  who  has  found  that  there  is  nearly  one-quarter 
part  more  cholesterin  in  the  blood  of  the  jugular  vein,  returning 
from  the  brain,  than  in  that  of  the  carotid  artery,  before  its  passage 
through  that  organ ;  and  that,  on  the  other  hand,  the  blood  of  the 
hepatic  artery,  as  well  as  that  of  the  portal  vein,  loses  cholesterin 
in  passing  through  the  liver,  so  that  but  a  small  quantity  can  be 
found  in  the  blood  of  the  hepatic  vein. 

The  cholesterin,  however,  after  being  poured  into  the  intestine 
with  the  bile,  is  decomposed  or  transformed  into  some  other  sub- 
stance, since  it  id  not  discharged  with  the  feces.^  Its  decomposition 
is  probably  effected  by  the  contact  of  the  intestinal  fluids. 

BiLiABT  SAim. — ^By  fiur  the  most  .important  and  characteristic 
ingredients  of  this  secretion  are  the  two  saline  substances  mentioned 
above  as  the  glyko-cholcUe  and  tauro-cholate  of  9oda.  These  sub- 
stances were  first  discovered  by  Strecker,  in  1848,  in  the  bile  of  the 
ox.  They  are  both  freely  soluble  in  water  and  in  alcohol,  but  in- 
soluble in  ether.    One  of  them,  the  tauro-cholate,  has  the  property, 

I  In  American  Jnnrn.  Med.  Sci.,  Jannarj,  1858. 

'  American  Juuru.  Med.  Soi.,  October,  18G2. 

s  Prof.  A.  Hint,  Jr.,  in  Am.  Joum.  Med.  Sci.,  Oct.  1862. 
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when  itself  in  solution  in  water,  of  dissolving  a  certain  quantity  a 
fat;  and  it  is  probably  owing  to  this  circumstance  that  some  fre 
fat  is  present  in  the  biio.  The  two  biliary  substances  are  obtainM 
from  ox  bile  in  the  following  manner : — 

The  bile  is  first  evaporated  to  dryness  by  the  water-bath.     Tin 
dry  residue  is  then  pulverized  and  treated  with  absolute  alcohol,  i 
the  proportion  of  at  least  3j  of  alcohol  to  every  five  grains  of  dr^ 
residue.     The  filtered  alcoholic  solution  has  a  clear  yellowish  co1<m 
It  contains,  beside  the  glyko-cholate  and  tauro-cholate  of  soda,  thi 
coloring  matter  and  more  or  less  of  the  fats  originally  present  in 
the  bile.     On  the  addition  of  a  small  quantity  of  ether,  a  dtrnse, 
whitish  precipitate  is  formed,  which  disappears  again  on  agitating 
and  thoroughly  mixing  the  fluids.     On  the  repeated  addition  of 
ether,  the  precipitate  again  falls  down,  and  when  the  ether  has  been 
added  in  considerable  excess,  six  to  twelve  times  the  volume  of  this  , 
alcoholic  solution,  the  precipitate  remains  permanent,  and  the  wfaolit* 
mixture  is  filled  with  a  dense,  whitish,  opaque  deposit,  consistin^a 
of  the  glyko-cholate  and  tauro-cholate  of  soda,  thrown  down  undei** 
the  form  of  heavy  flakes  and  granules,  part  of  which  subside  t(f^ 


Fig.  i1. 


Fig.  48. 


the  bottom  of  the  test-tube,  while  part  remain  for  a  time  in  suspen- 
don.      Gradually  these  flakes  and  granules  unite  with  each  other 

and  fuse  together   into   clear,  brownish-yellow,  oily,  or  resinous- 
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looking  drops.  At  the  bottom  of  the  test-tub^  after  two  or  three 
hoars,  there  is  osuall/  collected  a  nearly  homogeneous  layer  of 
this  deposit,  while  the  remainder  continnea  to  adhere  to  the  sides 
of  the  glass  in  small,  circular,  transparent  drops.  The  deposit  is 
semi-fluid  in  consistency,  and  sticky,  like  Canada  balsam  or  half- 
melted  resin ;  and  it  is  on  this  account  that  the  ingredients  compos- 
ing it  have  been  called  the  "  resinous  matters"  of  the  bile.  They 
have,  however,  no  real  chemical  relation  with  true  resinous  bodies, 
tdnce  they  both  contain  nitrogen,  and  differ  from  resins  also  in 
other  important  particulars. 

At  the  end  of  twelve  to  twenty-four  hours,  the  glyko-cholate  of 
soda  begins  to  crystallize.  The  crystals  radiate  from  various  points 
in  the  resinous  deposit^  and  shoot  upward  into  the  aupematant 
fluid,  in  white,  silky  bundles.  (Fig.  47.)  If  some  of  these  crystals 
be  removed  and  examined  by  the  microscope,  they  are  found  to  be 
of  a  very  delicate  acicnlar  form,  running  to  a  finely  pointed 
extremity,  and  radiating,  as  already  mentioned,  from  a  central 
point.  (Fig.  48.)  As  the  ether  evaporates,  the  crystals  absorb 
moisture  from  the  eir,  and  melt  up  rapidly  into  clear  resinous 
drops;  so  that  it  is  difficult  to  keep  them  under  the  microscope 
long  enough  for  a  correct 
drawing  and  measurement. 
The  crystalUzatioQ  in  the 
test-tube  goes  on  after  the 
first  day,  and  the  crystals  in- 
crease in  quantity  for  three 
or  firar,  or  even  five  or  six 
daji^  until  the  whole  of  the 
glyko  ebolate  of  soda  present 
haa  assnmed  the  solid  form. 
The  tanro-obolate^  however, 
is  onorystallizabl^  and  re- 
mains in  an  amorphous  oon- 
dition.  If  a  portion  of  the 
deposit  be  now  removed  and 

examined  by  the  microscope,    bdd*.  iiom  olulr,  tiur  •ix  Uj*'  nr"*t}\a- 
it  IS  seen  that  the  crystals  of  j^,,,^  ^  ,„  ,,,j  ^^^         ' 
glyko-cholate  of  soda  have 

increased  considerably  in  thickness  (Fig.  49),  so  that  their  trans- 
verse diameter  may  be  readily  estimated.  The  uncryetallizable 
taoro-cbolate  appears  under  the  form  of  circular  drops,  varying 
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considerably  in  size,  clear,  transparent,  strongly  refractive,  and 
bounded  by  a  dark,  well-defined  oatline.  ITiese  drapa  are  not  to  be 
distinguished,  by  any  of  their  optical  properties,  from  oil-globules,  as 
they  usually  appear  under  the  microscope.  They  have  the  same 
refractive  power,  the  same  dark  outline  and  bright  centre,  and  the 
same  degree  of  consistency.  They  would  consequently  be  liable  at 
all  times  to  be  mistaken  for  oil-globules,  were  it  not  for  the  complete 
dissimilarity  of  their  chemical  properties. 

Both  the  glyko-cholate  and  tauro-cholate  of  soda  are  very  freely 
soluble  in  water.  If  the  mixture  of  alcohol  and  ether  be  poured 
off  and  distilled  water  added,  the  deposit  dissolves  rapidly  and 
completely,  with  a  more  or  less  distinct  yellowish  color,  according 
to  the  proportion  of  coloring  matter  originally  present  in  the  bile. 
The  two  biliary  substances  present  in  the  watery  solution  may  be 
separated  from  each  other  by  the  following  means.  On  the  addi- 
tion of  acetate  of  lead,  the  glyko-cholate  of  soda  is  decompoeed, 
and  precipitates  as  a  glyko-cholate  of  lead.  The  precipitate,  sepa- 
rated by  filtration  from  the  remaining  fluid,  is  then  decomposed  in 
turn  by  carbonate  of  soda,  and  the  original  glyko-cholate  of  soda 
reproduced.  The  filtered  fluid  which  remains,  and  which  contains 
the  tauro-cholate  of  soda,  is  then  treated  with  svbacetate  of  lead, 
which  precipitates  a  tauro-cholate  of  lead.  This  is  separated  by 
filtration,  washed,  and  decomposed  again  by  carbonate  of  soda^  as 
in  the  former  case. 

The  two  biliary  substances  in  ox  bile  may,  therefore,  be  dis- 
tinguished by  their  reactions  with  the  salts  of  lead.  Both  are 
precipitable  by  the  subacetate ;  but  the  glyko-cholate  of  soda  is 
precipitable  also  by  the  acetate,  while  the  tauro-cholate  is  not  so. 
If  subacetate  of  lead,  therefore,  be  added  to  the  mixed  watery  solu- 
tion of  the  two  substances,  and  the  whole  filtered,  the  subsequent 
addition  of  acetate  of  lead  to  the  filtered  fluid  will  produce  no  pre- 
cipitate, because  both  the  biliary  matters  have  been  entirely  thrown 
down  with  the  deposit ;  but  if  the  acetate  of  lead  be  first  added,  it 
will  precipitate  the  glyko-cholate  alone,  and  the  tauro-cholate  may 
afterward  be  thrown  down  separately  by  the  subacetate. 

These  two  substances,  examined  separately,  have  been  found  to 
possess  the  following  properties : — 

QJyko-choIate  of  soda  (NaO,C,^^jNO„)  crystallizes,  when  precipi- 
tated by  ether  from  its  alcoholic  solution,  in  radiating  bundles  of 
fine  white  silky  needles,  as  above  described.  It  is  composed  of 
soda,  united  with  a  peculiar  acid  of  organic  origin,  viz.,  glyko-cholic 
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acid  (C|,H^O||,HO).  This  acid  is  crystallizable  and  contains  nitro- 
gen, as  shown  by  the  above  formula,  which  is  that  given  by  Leh- 
mann.  If  boiled  for  a  long  time  with  a  dilute  solution  of  potassa, 
glyko-cholic  acid  is  decomposed  with  the  production  of  two  new 
substances;  the  first  a  non-nitrogenous  acid  body,  cholic  acid 
(G^HjgOgyHO);  the  second  a  nitrogenous  neutral  body,  glycine 
(C^H^OJ.  Hence  the  name  glyko-cholic  acid,  given  to  the 
original  substance,  as  if  it  were  a  combination  of  cholic  acid  with 
glycine.  In  reality,  however,  these  two  substances  do  not  exist 
originally  in  the  glyko-cholic  acid,  but  are  rather  new  combinations 
of  its  elements,  produced  by  long  boiling,  in  contact  with  potassa 
and  water.  They  are  not,  therefore,  to  be  regarded  as,  in  any  way, 
natural  ingredients  of  the  bile,  and  do  not  throw  any  light  on  the 
real  constitution  of  glyko-cholic  acid. 

TatarO'choiaU  of  soda  (NaO,C^^S,0,  J  is  also  a  very  abundant 
ingredient  of  the  bile.  It  is  said  by  Robin  and  Yerdeil'  that  it  is 
not  crystallizable,  owing  probably  to  its  not  having  been  separated 
as  yet  in  a  perfectly  pure  condition.  Lehmann  states,  on  the  con- 
trary, that  it  may  crystallize,'  when  kept  for  a  long  time  in  contact 
with  ether.  We  have  not  been  able  to  obtain  this  substance^  how- 
ever, in  a  crystalline  form.  Its  acid  constituent,  taurthcholie  acid, 
is  a  nitrogenous  body,  like  glyko-cholic  acid,  but  differs  from  the 
latter  by  containing  in  addition  two  equivalents  of  sulphur.  By 
long  boiling  in  a  dilute  solution  of  potassa,  it  is  decomposed  with 
the  production  of  two  other  substances ;  the  first  of  them  the  same 
acid  body  mentioned  above  as  derived  from  the  glyko-choUc,  viz., 
cholic  acid;  and  the  second  a  new  nitrogenous  neutral  body,  viz., 
taurine  (C^H^NSjOJ.  The  same  remark  holds  good  with  regard  to 
these  two  bodies,  that  we  have  already  made  in  respect  to  the  sup- 
posed constituents  of  glyko-cholic  acid.  Neither  cholic  acid  nor 
taurine  can  be  properly  regarded  as  really  ingredients  of  tauro- 
cholic  acid,  but  only  as  artificial  products  resulting  from  its  altera- 
tion and  decomposition. 

The  glyko-cholates  and  tauro-cholates  are  formed,  so  far  as  we 
know,  exclusively  in  the  liver ;  since  they  have  not  been  found  in 
the  blood,  nor  in  any  other  part  of  the  body,  in  healthy  animals ; 
nor  even,  in  the  experiments  of  Kunde,  Moleschott,  and  Lehmann 
on  frogs,'  after  the  entire  extirpation  of  the  liver,  and  consequent 

I  Chimie  Anatomiqne  et  Physiologiqne,  vol.  ii.  p.  473. 

'  Phjsiologioal  Chemistry,  Phil,  ed.,  vol.  i.  p.  209. 

*  Lehm ado's  Phjsiologioal  Ckemitttrj,  Phil,  ed.,  vol.  i.  p.  476. 


182  THE    BILE. 

suppression  of  the  bile.  These  substances  are,  therefore,  produced 
in  the  glandular  cells  of  the  liver,  by  transformation  of  some  other 
of  their  ingredienta.  They  are  then  exuded  in  a  soluble  form,  as 
part  of  the  bile,  and  finally  discharged  by  the  excretory  hepatio 
ducta. 

The  two  substances  described  above  as  the  tauro-cholate  and 
glyko-cholate  of  soda  exist,  properly  speaking,  only  in  the  bile  of 
the  ox,  where  they  were  first  discovered  by  Strecker.  In  examin- 
ing the  biliary  secretions  of  different  Bi>ecie3  of  animals,  Strecker 
found  so  great  a  resemblance  between  them,  that  he  was  disposed 
to  regard  their  ingredients  as  essentially  the  same.  Having  estab- 
lished the  existence  in  ox-bile  of  two  peculiar  aubstancea,  ona 
orystallizable  and  non-aulphurous  (glyko-cholate),  the  other  nncrya- 
tallizable  and  Buljihurous  (tauro-cholate),  he  was  led  to  consider 
the  bile  in  all  species  of  animals  as  containing  the  same  substance^ 
[  only  in  the  relative  quantity  in  which  the  two 
were  present.  The  only  exception  to  this  was 
supposed  to  be  pig's  bile,  in  which  Strecker  found 
a  peculiar  organic  acid,  the  "hyo-cholic"  or 
"  hyo-cholinic"  acid,  in  combination  with  soda  as 
a  base. 

The  above  conclusion  of  his,  however,  was  not 
entirely  correct,     li  is  true  that  the  bile  of  all 
animals,  eo  far  as  examined,   contains  peculiar, 
substances,  which  resemble  each  other  in  bein| 
freely  soluble  in  water,  soluble  in  absolute  ali 
hoi,  and  insoluble  in  ether ;  and  in  giving  also 
peculiar  reaction  with  Pettenkofcr'a  test,  to  be 
described  presenlly.     But,  at  the  same  time,  these 
substances  present  certain  minor  diSerencefl  in- 
different animals,  which  show  them  not  to 
identical. 

In  dog's  bile,  for  example,  there  are,  as  in  ox- 
bile,  two  substances  precipitable  by  ether  from 
rtwtth»bioiiiii..i«»iioi     their  alcoholic  solution;   one  crystallizable,  the 

■ad   proclplUl^   wUh  ,  ^  ,       ~  -    ,  , 

,th«t.  other  not  so.     But  the  former  of  these  substances 

crystalhzes  much  more  readily  than  the  glyko- 
oholate  of  soda  from  ox-bile.  Dog's  bile  will  not  unfrequently  begin 
to  crystallize  freely  in  five  to  six  hours  after  precipitation  by  ether 
(Fig.  50);  while  in  ox-bi!e  it  is  usually  twelve,  and  often  twenty- 
r  even  forty-eight  hours  before  crystallization  is  full 
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I  Boda 

8uba 
acetate 


more  particularly  ia  their  reaction  with  the  salts 
of  lead  that  the  differenoe  between  tbese  substances  becomes  mani- 
fest. For  while  tbe  crystallizable  substance  of  ox-bile  is  precipi- 
tated by  acetate  of  lead,  that  of  dog's  bile  ia  not  affected  by  it.  If 
dog's  bile  be  evaporated  to  dryness,  extracted  with  absolute  alcohol, 
the  alcoholic  solution  precipitated  by  ether,  and  the  ether  precipitate 
tben  dissolved  in  water,  the  addition  of  acetate  of  lead  to  the  watery 
solution  produces  not  the  slighest  turbidity.  If  subacetate  of  lead 
be  then  added  in  excess,  a  copious  precipitate  falls,  composed  of  both 
the  crystal lizable  and  uncrystallizable  substances.  If  the  lead  pre- 
cipitate be  then  separated  by  filtration,  washed,  and  decomposed, 
as  above  described,  by  carbonate  of  soda,  the  watery  solution  will 
contain  the  re-formed  soda  salts  of  the  bile.  The  watery  solution 
may  then  be  evaporated  to  dryness,  extracted  with  absolute  alcohol, 
and  the  alcoholic  solution  precipitated  by  ether;  when  the  ether 
precipitate  crystallizes  partially  after  a  time  as  in  fresb  bile.  Both 
the  biliary  matters  of  dog's  bile  are  therefore 
precipitable  by  subacetate  of  lead,  but  neither  of 
them  by  the  acetate.  Instead  of  calling  tliein, 
consequently,  glyko-cholate  and  tauro  cholate  of 
soda,  we  shall  apeak  of  them  simply  as  the  "  crys- 
ne"  and  "  resinous"  Ijiliary  substances. 
In  cat's  bile,  the  biliary  substances  act  very 
ich  as  in  dog's  bile.  The  ether  precipitate  of 
alcoholic  solution  contains  here  also  a  crys- 
line  and  a  resinous  sutistuucc  ;  both  of  which 
precipitable  from  their  watery  solution  by 
subacetate  of  lead,  but  neither  of  them  by  the 
acetate. 

pig's  bile,  on  the  other  hand,  there  is  no 

.llizable  substance,  hut  the  ether  precipitate 

altogether  resinous  in  appearance.     Notwith- 

ling   this,   its   watery   solution   precipitates 

indaatly  by  both  the  acetate  and  subacetate  of      hdkai.  du-h..  «- 

■  lenboUadprMlplUUd 


Fig.  51. 


human  bile,  again,  there  is  no  crystal lizable 
We  have  found  that  the  dried  bile, 
extracted  with  absolute  alcohol,  miikes  a  clear,  brandy-red  solution, 
which  precipitates  abundantly  with  ether  in  excess;  but  the  ether 
precipitate,  if  allowed  to  stand,  shows  no  sign  of  crystallization,  even 
at  the  end  of  three  weeks,     (Fig.  51.)     If  the  ruainuus  precipitate 
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be  separated  by  decantation  and  dissolved  in  water,  it  precipitate^ 
as  in  the  case  of  pig^s  bile,  bj  both  the  acetate  and  subacetate  of 
lead.  This  might,  perhaps,  be  attributed  to  the  presence  of  two 
different  substances,  as  in  ox-bile,  one  precipitated  by  the  acetate^ 
the  other  by  the  subacetate  of  lead.  Such,  however,  is  not  the  case. 
For  if  the  watery  solution  be  precipitated  by  the  acetate  of  lead 
and  then  filtered,  the  filtered  fluid  gives  no  precipitate  afterward 
by  the  subacetate ;  and  if  first  precipitated  by  the  subacetate  it 
gives  no  precipitate  after  filtration  by  the  acetate.  The  entire 
biliary  ingredients,  therefore,  of  human  bile  are  precipitated  by 
both  or  either  of  the  salts  of  lead. 

Different  kinds  of  bile  vary  also  in  other  respects ;  as,  for  ex- 
ample, their  specific  gravity,  the  depth  and  tinge  of  their  color,  the 
quantity  of  fat  which  they  contain,  &c.  &c.  We  have  already 
mentioned  the  variations  in  color  and  specific  gravity.  The  alco- 
holic solution  of  dried  ox-bile,  furthermore,  does  not  precipitate  at 
all  on  the  addition  of  water ;  while  that  of  human  bile,  of  pig^s 
bile,  and  of  dog^s  bile  precipitate  abundantly  with  distilled  water, 
owing  to  the  quantity  of  fat  which  they  hold  in  solution.  These 
variations,  however,  are  of  secondary  importance  compared  with 
those  which  we  have  already  mentioned,  and  which  show  that  the 
crystalline  and  resinous  substances  in  different  kinds  of  bile,  though 
resembling  each  other  in  very  many  respects,  are  yet  in  reality  far 
from  being  identical. 

Tests  fob  Bile. — In  investigating  the  physiology  of  any  animal 
fluid  it  is,  of  course,  of  the  first  importance  to  have  a  convenient 
and  reliable  test  by  which  its  presence  may  be  detected.  For  a 
long  time  the  only  test  employed  in  the  case  of  bile,  was  that  which 
depended  on  a  change  of  color  produced  by  oxidizing  substances.  If 
the  bile,  for  example,  or  a  mixture  containing  bile,  be  exposed  in 
an  open  glass  vessel  for  a  few  hours,  the  upper  layers  of  the  fluid, 
which  are  in  contact  with  the  atmosphere,  gradually  assume  a 
greenish  tinge,  which  becomes  deeper  with  the  length  of  time  which 
elapses,  and  the  quantity  of  bile  existing  in  the  fluid.  Nitric  acid, 
added  to  a  mixture  of  bile  and  shaken  up,  produces  a  dense  preci- 
pitate which  takes  a  bright  grass-green  hue.  Tincture  of  iodine 
produces  the  same  change  of  color,  when  added  in  small  quantity ; 
and  probably  there  are  various  other  substances  which  would  have 
the  same  effect.  It  is  by  this  test  that  the  bile  has  so  often  been 
recognized  in  the  urine,  serous  effusions,  the  solid  tissues,  &c.,  in 
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oases  of  jaundice.  But  it  is  very  insufficient  for  anything  like 
accurate  investigation,  since  the  appearances  are  produced  simply 
by  the  action  of  an  oxidizing  agent  on  the  coloring  matter  of  the 
bile.  A  green  color  produced  by  nitric  acid  does  not,  therefore, 
indicate  the  presence  of  the  biliary  substances  proper,  but  only  of 
the  biliverdine.  On  the  other  hand,  if  the  coloring  matter  be  ab- 
sent, the  biliary  substances  themselves  cannot  be  detected  by  it 
For  if  the  biliary  substances  of  dog's  bile  be  precipitated  by  ether 
from  an  alcoholic  solution,  dissolved  in  water  and  decolorized  by 
animal  charcoal,  the  colorless  *watery  solution  will  then  give  no 
green  color  on  the  addition  of  nitric  acid  or  tincture  of  iodine, 
though  it  may  precipitate  abundantly  by  subacetate  of  lead,  and 
give  the  other  reactions  of  the  crystalline  and  resinous  biliary 
matters  in  a  perfectly  distinct  manner. 

Pettenko/er^s  Test. — This  is  undoubtedly  the  best  test  yet  pro- 
posed for  the  detection  of  the  biliary  substances.  It  consists  in 
mixing  with  a  watery  solution  of  the  bile,  or  of  the  biliary  sub- 
stances, a  little  cane  sugar,  and  then  adding  sulphuric  acid  to  the 
mixture  until  a  red,  lake,  or  purple  color  is  produced.  A  solution 
may  be  made  of  cane  sugar,  in  the  proportion  of  one  part  of  sugar  to 
four  parts  of  water,  and  kept  for  use.  One  drop  of  this  solution  is 
mixed  with  the  suspected  fluid,  and  the  sulphuric  acid  then  imme- 
diately added.  On  first  dropping  in  the  sulphuric  acid,  a  whitish 
precipitate  falls,  which  is  abundant  in  the  case  of  ox-bile,  less  so  in 
that  of  the  dog.  This  precipitate  redissolves  in  a  slight  excess  of 
sulphuric  acid,  which  should  then  continue  to  be  added  until  the 
mixture  assumes  a  somewhat  syrupy  consistency  and  an  opalescent 
look,  owing  to  the  development  of  minute  bubbles  of  air.  A  red 
color  then  begins  to  show  itself  at  the  bottom  of  the  test-tube,  and 
afterward  spreads  through  the  mixture,  until  the  whole  fluid  is  of 
a  clear,  bright,  cherry  red.  This  color  gradually  changes  to  a  lake, 
and  finally  to  a  deep,  rich,  opaque  purple.  If  three  or  four  vol- 
umes of  water  be  then  added  to  the  mixture,  a  copious  precipitate 
falls  down,  and  the  color  is  destroyed. 

Various  circumstances  modify,  to  some  extent,  the  rapidity  and 
distinctness  with  which  the  above  changes  are  produced.  If  the 
biliary  substances  be  present  in  large  quantity,  and  nearly  pure, 
the  red  color  shows  itself  at  once  after  adding  an  equal  volume  of 
sulphuric  acid,  and  almost  immediately  passes  into  a  strong  purple. 
If  they  be  scanty,  on  the  other  hand,  the  red  color  may  not  show 
itself  for  seven  or  eight  minutes,  nor  the  purple  under  twenty 
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or  twenty-five  minutes.  If  foreign  matters,  again,  not  of  a  biliary 
nature,  be  also  present,  tliey  are  apt  to  be  acted  on  by  the  sulphuric 
acid,  and,  by  becoming  discolored,  interfere  with  the  clearness  and 
brilliancy  of  the  tinges  produced.  On  this  account  it  is  indispen- 
sable, in  delicate  examinations,  to  evaporate  the  suspected  fluid  to 
dryness,  extract  the  dry  residue  with  absolute  alcohol,  precipitate 
the  alcoholic  solution  with  ether,  and  dissolve  the  ether-precipitate 
in  water  before  applying  the  test.  In  this  manner,  all  foreign  sub- 
stances which  might  do  harm  will  be  eliminated,  and  the  test  will 
succeed  without  difficulty. 

It  must  not  be  forgotten,  furthermore,  that  the  sugar  itself  is 
liable  to  be  acted  on  and  discolored  by  sulphuric  acid  when  added 
in  excess,  and  may  therefore  by  itself  give  rise  to  confusion.  A  little 
care  and  practice,  however,  will  enable  the  experimenter  to  avoid 
all  chance  of  deception  from  this  source.  When  sulphuric  acid  is 
mixed  with  a  watery  solution  containing  cane  sugar,  after  it  has 
been  added  in  considerable  excess,  a  yellowish  color  begins  to  show 
itself,  owing  to  the  commencing  decomposition  of  the  sugar.  This 
color  gradually  deepens  until  it  has  become  a  dark,  dingy,  muddy 
brown ;  but  there  is  never  at  any  time  any  clear  red  or  purple 
color,  unless  biliary  matters  be  present.  If  the  bile  be  present  in 
but  small  quantity,  the  colors  produced  by  it  may  be  modified  and 
obscured  by  the  dingy  yellow  and  brown  of  the  sugar;  but  even 
this  difficulty  may  be  avoided  by  paying  attention  to  the  following 
precautions.  In  the  first  place,  only  very  little  sugar  should  be 
added  to  the  suspected  fluid.  In  the  second  place,  the  sulphuric 
acid  should  be  added  very  gradually,  and  the  mixture  closely 
watched  to  detect  the  first  changes  of  color.  If  bile  be  present,  the 
red  color  peculiar  to  it  is  always  produced  before  the  yellowish 
tinge  which  indicates  the  decomposition  of  the  sugar.  When  the 
biliary  matters,  therefore,  are  present  in  small  quantity,  the  addi- 
tion of  sulphuric  acid  should  be  stopped  at  that  point,  and  the 
colors,  though  faint,  will  then  remain  clear,  and  give  unmistakable 
evidence  of  the  presence  of  bile. 

The  red  color  alone  is  not  sufficient  as  an  indication  of  bile.  It 
is  in  fact  only  the  commencement  of  the  change  which  indicates  the 
biliary  matters.  If  these  matters  be  present,  the  color  passes,  as 
we  have  already  mentioned,  first  into  a  lake,  then  into  a  purple ; 
and  it  is  this  lake  and  purple  color  alone  which  can  be  regarded  as 
really  characteristic  of  the  biliary  reaction. 

It  is  important  to  observe  that  Pettenkofer's  reaction  is  produced 
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by  the  presence  of  either  or  both  of  the  biliary  substances  proper ; 
and  is  not  at  all  dependent  on  the  coloring  matter  of  the  bile.  For 
if  the  two  biliary  substances^  crystalline  and  resinous,  be  extracted 
by  the  process  above  described,  and,  after  being  dissolved  in  water, 
decolorized  with  animal  charcoal,  the  watery  solution  will  still  give 
Pettenkofer's  reaction  perfectly,  though  no  coloring  matter  be  pre- 
sent, and  though  no  green  tinge  can  be  produced  by  the  addition 
of  nitric  acid  or  tincture  of  iodine.  If  the  two  biliary  substances 
be  then  separated  from  each  other,  and  tested  in  distinct  solutions, 
each  solution  will  give  the  same  reaction  promptly  and  completely. 

Yarious  objections  have  been  urged  against  this  test.  It  has 
been  stated  to  be  uncertain  and  variable  in  its  action.  Bobin  and 
Yerdeil'  say  that  its  reactions  "do  not  belong  exclusively  to  the 
bile,  and  may  therefore  give  rise  to  mistakes."  Some  fatty  sub- 
stances and  volatile  oils  (oleine,  oleic  acid,  oil  of  turpentine,  oil  of 
caraway)  have  been  stated  to  produce  similar  red  and  violet  colors, 
when  treated  with  sugar  and  sulphuric  acid.  These  objections, 
however,  have  not  much,  if  any,  practical  weight.  The  test  no 
doubt  requires  some  care  and  practice  in  its  application,  as  we  have 
already  pointed  out ;  but  this  is  the  case  also,  to  a  greater  or  less 
extent,  with  nearly  all  chemical  tests,  and  particularly  with  those 
for  substances  of  organic  origin.  No  other  substance  is,  in  point 
of  fact,  liable  to  be  met  with  in  the  intestinal  fluids  or  the  blood, 
which  would  simulate  the  reactions  of  the  biliary  matters.  We 
have  found  that  the  fatty  matters  of  the  chyle,  taken  from  the  tho- 
racic duct,  do  not  give  any  coloration  which  would  be  mistaken  for 
that  of  the  bile.  When  the  volatile  oils  (caraway  and  turpentine) 
are  acted  on  by  sulphuric  acid,  a  red  color  is  produced  which  after- 
ward becomes  brown  and  blackish,  and  a  peculiar,  tarry,  erapvreu- 
matic  odor  is  developed  at  the  same  time ;  but  we  do  not  get  the 
lake  and  purple  colors  spoken  of  above.  Finally,  if  the  precaution 
be  observed — first  of  extracting  the  suspected  matters  with  absolute 
alcohol,  then  precipitating  with  ether  and  dissolving  the  precipitate 
in  water,  no  ambiguity  could  result  from  the  presence  of  any  of  the 
above  substances. 

Pettenkofer's  test,  then,  if  used  with  care,  is  extremely  useful, 
and  may  lead  to  many  valuable  results.  Indeed,  no  other  test  than 
this  can  be  at  all  relied  on  to  determine  the  presence  or  absence  of 
the  biliary  substances  proper. 

*  Op.  cit.,  Tol.  ii.  p.  468. 
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Variations  and  Functions  of  Bile. — ^With  regard  to  the 
entire  quantity  of  bile  secreted  daily,  we  have  bad  no  very  positive 
knowledge,  until  the  experiments  of  Bidder  and  Schmidt,  published 
in  1852.^  These  experiments  were  performed  on  cats,  dogs^  sheep, 
and  rabbits,  in  the  following  manner.  The  abdomen  was  opened, 
and  a  ligature  placed  upon  the  ductus  communis  choledochus,  so 
as  to  prevent  the  bile  finding  its  way  into  the  intestine.  An  open- 
ing was  then  made  in  the  fundus  of  the  gall-bladder,  by  which 
the  bile  was  discharged  externally.  The  bile,  so  discharged,  was 
received  into  previously  weighed  vessels,  and  its  quantity  accurately 
determined.  Each  observation  usually  occupied  about  two  houra^ 
during  which  period  the  temporary  fluctuations  occasionally  observ- 
able in  the  quantity  of  bile  discharged  were  mutually  corrected,  so 
far  as  the  entire  result  was  concerned.  The  animal  was  then  killed, 
weighed,  and  carefully  examined,  in  order  to  make  sure  that  the 
biliary  duct  had  been  securely  tied,  and  that  no  inflammatory  alter- 
ation had  taken  place  in  the  abdominal  organs.  The  observations 
were  made  at  very  different  periods  after  the  last  meal,  so  as  to 
determine  the  influence  exerted  by  the  digestive  process  upon  the 
rapidity  of  the  secretion.  The  average  quantity  of  bile  for  twenty- 
four  hours  was  then  calculated  from  a  comparison  of  the  above 
results ;  and  the  quantity  of  its  solid  ingredients  was  also  ascer- 
tained in  each  instance  by  evaporating  a  portion  of  the  bile  in  the 
water  bath,  and  weighing  the  dry  residue. 

Bidder  and  Schmidt  found  in  this  way  that  the  daily  quantity 
of  bile  varied  considerably  in  different  species  of  animals.  It  was 
very  much  greater  in  the  herbivorous  animals  used  for  experiment 
than  in  the  carnivora.  The  results  obtained  by  these  observers 
are  as  follows : — 

For  every  pound  weight  of  the  entire  body  there  is  secreted 
during  twenty-four  hours 

FRBsn  BiLB.  Dbt  Rbsidub. 

In  the  cat 102  grains.  5712  grains. 

•*      dog 140    "  6.916    •• 

••     sheep 178    "  .  9.408    " 

"      rabbit 958    "  17.290    « 

Since,  in  the  human  subject,  the  digestive  processes  and  the 
nutritive  actions  generally  resemble  those  of  the  carnivora,  rather 
than  those  of  the  herbivora,  it  is  probable  that  the  daily  quantity 
of  bile  in  man  is  very  similar  to  that  in  the  carnivorous  animals. 

'  Verdaniigssaefte  nnd  Stoffweohsel.     Leipsig,  1852. 
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If  we  apply  to  the  human  subject  the  average  results  obtained  bj 
Bidder  and  Schmidt  from  the  cat  and  dog,  we  find  that,  in  an  adult 
man,  weighing  140  pounds,  the  daily  quantity  of  the  bile  will  be 
certainly  not  less  than  16,840  graina,  or  vary  nearly  2|  pounds 
avoirdupois. 

It  is  a  matter  of  great  importance,  in  regard  to  the  bile,  as  well 
as  the  other  intestinal  fluids,  to  ascertain  whether  it  be  a  constant 
secretion,  like  the  urine  and  perspiration,  or  whether  it  be  intermit- 
tent,  like  the  gastric  juice,  and  discharged  only  during  the  digestive 
process.  In  order  to  detfirmine  this  point,  we  have  performed  the 
following  series  of  experiments  on  dogs.  The  animals  were  kept 
confined,  and  killed  at  various  periods  after  feeding,  sometimes  by 
the  inoculation  of  voorara,  sometimes  by  hydrocyanic  acid,  but 
most  frequently  by  section  of  the  medulla  oblongata.  The  con- 
tents of  the  intestine  were  then  collected  and  examined.  In  all 
instances^  the  bite  was  also  taken  from  the  gall-bladder,  and  treated 
in  the  same  way,  for  purposes  of  comparison.  The  intestinal  con- 
tents always  presented  some  peculiarities  of  appearance  when  treated 
with  aloobol  and  ether,  owing  probably  to  the  presence  of  other 
substances  than  the  bile ;  but  they  always  gave  evidence  of  the 
presence  of  biliary  matters 
as  well.  The  biliary  sub- 
stances could  almost  always 
be  reci^fnized  by  the  mi- 
croscope in  the  ether  preci- 
pitate of  the  alcoholic  solu- 
tion; the  resinous  substance, 
under  the  form  of  rounded, 
oily-looking  drops  (Fig.  52), 
and  the  other,  under  the 
form  of  crystalliDe  groups, 
generally  presenting  the 
appearance  of  double  bun- 
dles of  slender,  radiating, 
slightly  curved  or  wavy, 
needle  -  shaped  crystals. 
These  substances,  dissolved 
in    water,  gave    a    purple 

color  with  sugar  and  sulphuric  add.  These  experiments  were 
tried  after  the  animals  had  been  kept  for  one,  two,  three,  five,  six, 
seven,  eight,  and  twelve  days  without  fix>d.    The  result  showed  that, 
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in  all  these  iDstanoes,  bile  was  present  in  tlie  small  intestioe.  It  ie^ 
therefore,  plainly  not  an  intermittent  secretion,  nor  one  which  is 
concerned  exclusively  io  the  digestive  process;  but  its  secretion  is 
constant,  and  it  continues  to  be  discharged  into  the  intestine  for 
laaay  days  after  the  animal  has  been  deprived  of  food. 


The  next  point  of  importaoce  to  be  examined  relates  to  the  time 
afier  feeding  at  which  the  bile  passu  into  the  intestine  in  the  greatest 
abundance.  Bidder  and  Schmidt  have  already  investigated  this 
point  in  the  following  manner.  Tbey  operated,  as  above  described, 
by  tying  the  common  bile-duct;  and  then  opening  the  fundus  of  the 
gall-bladder,  so  as  to  produce  a  biliary  fistula,  by  which  the  whole 
of  the  bile  was  drawn  ofll  By  doing  this  operation,  and  collecting 
and  weighing  the  fluid  discharged  at  different  periods,  they  came 
to  the  conclusion  that  the  flow 
^"  ^  of  bile  begins  to  increase  within 

two  and  a  half  hours  afWr  tho 
introduction  of  food  into  the 
stomach,  hut  that  it  does  not 
reach  its  maximum  of  activity 
till  the  end  of  twelve  or  fifteen 
hours.  Other  observers,  how- 
ever, have  obtained  diflcient 
results.  Arnold,'  for  example, 
found  the  quantity  to  be  largest 
soon  after  meals,  decreasing 
again  afler  the  fourth  hour. 
Eolliker  and  Miiller,*  again, 
found  it  largest  between  the 
sixth  and  eighth  hours.  Bidder 
and  Schmidt's  experiments,  in- 
deed, strictly  speaking,  show 
ft.Dno-  only  the  lime  at  which  the  bile 
deaam.  o, e, e.  f^mwu:  iMiwodBCMin iwa    jg  most  actively  secrctcd  by  the 

0|HiilD«  Ulg  lta<  dagdansn.  OS*  anr  Ik*  DrtlH     ,.  ,  ,  .     .  „ 

«f  a,»  biiLrr  duct,  d,  ih*  DihR  » than  diiunea    livcF,  Dut  not  when  it  IS  actually 
"Z"  f  V  n  *"."'  '"!*  T.'"!!  ').'Z*^ ""  discharged  into  the  intestine. 

Our  own  experiments,  bear* 
ing  on  this  point,  were  performed  on  dogs,  by  making  a  permanent 
duodenal  fistula,  on  the  same  plan  that  gastric  fistulsa  have  so  often 
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been  established  for  the  examination  of  the  gastric  juice.  (Fig.  53.) 
An  incision  was  made  through  the  abdominal  walls,  a  short  distance 
to  the  right  of  the  median  line,  the  floating  portion  of  the  duodenum 
drawn  up  toward  the  external  wound,  opened  by  a  longitudinal  in- 
cision, and  a  silver  tube,  armed  at  each  end  with  a  narrow  projecting 
collar  or  flange,  inserted  into  it  by  one  extremity,  five  and  a  half 
inches  below  the  pylorus,  and  two  and  a  half  inches  below  the 
orifice  of  the  lower  pancreatic  duct.  The  other  extremity  of  the 
tube  was  left  projecting  from  the  external  opening  in  the  abdominal 
parietes,  the  parts  secured  by  sutures,  and  the  wound  allowed  to 
heal.  After  cicatrization  was  complete,  and  the  animal  had  entirely 
recovered  his  healthy  condition  and  appetite,  the  intestinal  fluids 
were  drawn  off  at  various  intervals  after  feeding,  and  their  contents 
examined.  This  operation,  which  is  rather  more  difficult  than  that 
of  making  a  permanent  gastric  flstula,  is  nevertheless  exceedingly 
useful  when  it  succeeds,  since  it  enables  us  to  study,  not  only  the 
time  and  rate  of  the  biliary  discharge,  but  also,  as  mentioned  in  a 
previous  chapter  (Chap.  VI.),  many  other  extrehiely  interesting 
matters  connected  with  intestinal  digestion. 

In  order  to  ascertain  the  absolute  quantity  of  bile  discharged 
into  the  intestine,  and  its  variations  during  digestion,  the  duodenal 
fluids  were  drawn  off,  for  fifteen  minutes  at  a  time,  at  various 
periods  aft«r  feeding,  collected,  weighed,  and  examined  separately, 
as  follows :  each  separate  quantity  was  evaporated  to  dryness,  its 
drv  residue  extracted  with  absolute  alcohol,  the  alcoholic  solution 
precipitated  with  ether,  and  the  ether-precipitate,  regarded  as  repre- 
senting the  amount  of  biliary  matters  present,  dried,  weighed,  and 
then  treated  with  Pettenkofer's  test,  in  order  to  determine,  as  nearly 
as  possible,  their  degree  of  purity  or  admixture.  The  result  of 
these  experiments  is  given  in  the  following  table.  At  the  eigh- 
teenth hour  so  small  a  quantity  of  fluid  was  obtained  that  the 
amount  of  its  biliary  ingredients  was  not  ascertained.  It  reacted 
perfectly,  however,  with  Pettenkofer's  test,  showing  that  bile  was 
really  present. 
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Time  aft«r 

Qoftotitjr  of  fluid 

Drj  residae 

Qnantltj  of 

Proportion  of 

feeding. 

in  15  mlnntee. 

of  eame. 

Viiiniy  nutUera. 

blliarj  nrnttort 
to  drj  reaidne. 

Immediateljr 

640  grains 

33gniilll 

10  grain! 

.30 

1  hoar 

1,990      " 

105      " 

4      •• 

.03 

S  hoora 

780      •• 

60     " 

4      « 

.07 

6    " 

750      " 

73      " 

31    " 

.05 

9    " 

860      " 

78     " 

4}    « 

.06 

12    •« 

326      " 

28      " 

33    *' 

.16 

15     " 

347      ** 

18     " 

4      " 

.22 

18    " 

... 

— 

— 

^-m 

21     •« 

384      " 

11      ** 

1      ** 

.09 

24    " 

163      •« 

91    *• 

3i    " 

.34 

26    " 

161      ** 

5      «* 

3      « 

.60 

From  this  it  appears  that  the  bile  passes  into  the  intestine  in  by 
far  the  largest  quantity  immediately  after  feeding,  and  within  the 
first  hour.  After  that  time  its  discharge  remains  pretty  constant; 
not  varying  much  from  four  grains  of  solid  biliary  matters  every 
fifteen  minutes,  or  sixteen  grains  per  hour.  The  animal  used  for 
the  above  observations  Weighed  thirty -six  and  a  half  pounds. 

The  next  point  to  be  ascertained  with  regard  to  this  question  is 
the  following,  viz :  Whai  becomes  of  the  bile  in  its  pasmge  through 
Hie  intestine  t  Our  experiments,  performed  with  a  view  of  settling 
this  point,  were  tried  on  dogs.  The  animals  were  fed  with  fresh 
meat,  and  then  killed  at  various  intervals  after  the  meals,  the  abdo- 
men opened,  ligatures  placed  upon  the  intestine  at  various  points, 
and  the  contents  of  its  upper,  middle,  and  lower  portions  collected 
and  examined  separately.  The  results  thus  obtained  show  that, 
under  ordinary  circumstances,  the  bile,  which  is  quite  abundant  in 
the  duodenum  and  upper  part  of  the  small  intestine,  diminishes  in 
quantity  from  above  downward,  and  is  not  to  be  found  in  the  large 
intestine.  The  entire  quantity  of  the  intestinal  contents  also  dimi- 
nishes, and  their  consistency  increases,  as  we  approach  the  ileo- 
csdcal  valve ;  and  at  the  same  time  their  color  changes  from  a  light 
yellow  to  a  dark  bronze  or  blackish-green,  which  is  always  strongly 
pronounced  in  the  last  quarter  of  the  small  intestine. 

The  contents  of  the  small  and  large  intestine  were  furthermore 
evaporated  to  dryness,  extracted  with  absolute  alcohol,  and  the 
alcoholic  solutions  precipitated  with  ether ;  the  quantity  of  ether- 
precipitate  being  regarded  as  representing  approximately  that  of 
the  biliary  substances  proper.  The  result  showed  that  the  quantity 
of  this  ether-precipitate  is,  both  positively  and  relatively,  very  much 
less  in  the  large  intestine  than  in  the  small.  Its  proportion  to  the 
entire  solid  contents  is  only  one-fifth  or  one-sixth  as  great  in  the 
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large  intestine  as  it  is  in  the  small.  But  even  this  inconsiderable 
quantity,  found  in  contents  of  the  large  intestine,  does  not  con- 
sist of  biliary  matters ;  for  the  watery  solutions  being  treated  with 
sugar  and  sulphuric  acid,  those  from  both  the  upper  and  lower 
portions  of  the  small  intestine  always  gave  Pettenkofer's  reaction 
promptly  and  perfectly  in  less  than  a  minute  and  a  half;  while  in 
that  from  the  large  intestine  no  red  or  purple  color  was  produced, 
even  at  the  end  of  three  hours. 

The  small  intestine  consequently  contains,  at  all  times,  substances 
giving  all  the  reactions  of  the  biliary  ingredients;  while  in  the 
contents  of  the  large  intestine  no  such  substances  can  be  recognized 
by  Pettenkofer's  test. 

The  biliary  matters,  therefore,  disappear  in  their  passage  through 
the  intestine. 

In  endeavoring  to  ascertain  what  is  the  precise  function  of  the  bile 
in  the  intestine,  our  first  object  must  be  to  determine  what  part,  if 
any,  it  takes  in  the  digestive  process.  As  the  liver  is  situated,  like 
the  salivary  glands  and  the  pancreas,  in  the  immediate  vicinity  of 
the  alimentary  canal,  and  like  them,  discharges  its  secretion  into 
the  cavity  of  the  intestine,  it  seems  at  first  natural  to  regard  the 
bile  as  one  of  the  digestive  fluids.  We  have  previously  shown, 
however,  that  the  digestion  of  all  the  different  elements  of  the  food 
is  provided  for  by  other  secretions ;  and  furthermore,  if  we  examine 
experimentally  the  digestive  power  of  bile  on  alimentary  substances, 
we  obtain  only  a  negative  result.  Bile  exerts  no  special  action  upon 
either  albuminoid,  starchy,  or  oleaginous  matters,  when  mixed  with 
them  in  test-tubes  and  kept  at  the  temperature  of  100°  F.  It  has 
therefore,  apparently,  no  direct  influence  in  the  digestion  of  these 
substances. 

It  is  a  very  remarkable  fact,  in  this  connection,  that  the  bile  pre- 
cipitates by  contact  with  the  gastric  juice.  If  four  drops  of  dog's  bile 
be  added  to  3j  of  gastric  juice  from  the  same  animal,  a  copious 
yellowish-white  precipitate  falls  down,  which  contains  the  whole  of 
the  coloring  matter  of  the  bile  which  has  been  added ;  and  if  the 
mixture  be  then  filtered,  the  filtered  fluid  passes  through  quite 
colorless.  The  gastric  juice,  however,  still  retains  its  acid  reaction. 
This  precipitation  depends  upon  the  presence  of  the  biliary  sub- 
stances proper,  viz.,  the  glyko-cholate  and  tauro-cholate  of  soda,  and 
not  upon  that  of  the  incidental  ingredients  of  the  bile.  For  if  the 
bile  be  evaporated  to  dryness  and  the  biliary  substances  extracted 
13 
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by  alcohol  and  precipitated  by  ether,  as  above  described,  their 
watery  solution  will  precipitate  with  gastric  juice,  in  the  same 
manner  as  fresh  bile  womld  do. 

Although  the  biliary  matters,  however,  precipitate  by  contact 
with  fresh  gastric  juice,  they  do  not  do  so  with  gastric  Juice  which  holds 
albuminose  in  solution.  We  have  invariably  found  that  if  the  gas- 
tric juice  be  digested  for  several  hours  at  the  temperature  of  100^ 
F.,  with  boiled  white  of  egg,  the  filtered  fluid,  which  contains  an 
abundance  of  albuminose,  will  no  longer  give  the  slightest  precipi- 
tate on  the  addition  of  bile,  or  of  a  watery  solution  of  the  biliary 
substances,  even  in  very  large  amount  The  gastric  juice  and  the 
bile,  therefore,  are  not  finally  antagonistic  to  each  other  in  the 
digestive  process,  though  at  first  they  produce  a  precipitate  on 
being  mingled  together. 

It  appears,  however,  from  the  experiments  detailed  above,  that 
the  secretion  of  the  bile  and  its  discharge  into  the  intestine  are  not 
confined  to  the  periods  of  digestion,  but  take  place  constantly,  and 
continue  even  after  the  animal  has  been  kept  for  many  days  with- 
out food.  These  &cts  would  lead  us  to  regard  the  bile  as  simply 
an  excrementitious  fluid ;  containing  only  ingredients  resulting  from 
the  waste  and  disintegration  of  the  animal  tissues,  and  not  intended 
to  perform  any  particular  function,  digestive  or  otherwise,  but 
merely  to  be  eliminated  from  the  blood,  and  discharged  from  the 
system.  The  same  view  is  more  or  less  supported,  also,  by  the 
following  facts,  viz : — 

1st.  The  bile  is  produced,  unlike  all  the  other  animal  secretions, 
from  venous  blood ;  that  is,  the  blood  of  the  portal  vein,  which  has 
already  become  contaminated  by  circulation  through  the  abdominal 
organs,  and  may  be  supposed  to  contain  disorganized  and  effete  in- 
gredients; and 

2d.  Its  complete  suppression  produces,  in  the  human  subject, 
symptoms  of  poisoning  of  the  nervous  system,  analogous  to  those 
which  follow  the  suppression  of  the  urine,  or  the  stoppage  of  respi- 
ration, and  the  patient  dies,  usually  in  a  comatose  condition,  at  the 
end  of  ten  or  twelve  days. 

The  above  circumstances,  taken  together,  would  combine  to 
make  it  appear  that  the  bile  is  simply  an  excrementitious  fluid,  not 
necessary  or  useful  as  a  secretion,  but  only  destined,  like  the  urine, 
to  be  eliminated  and  discharged.  Nevertheless,  experiment  has 
shown  that  such  is  not  the  case ;  and  that,  in  point  of  fact,  it  is 
necessary  for  the  life  of  the  animal,  not  only  that  the  bile  be  secreted 
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and  discharged,  bat  furthermore  that  it  be  discharged  into  the 
intestine,  and  pass  through  the  tract  of  the  alimentary  canal.  The 
most  satisfactory  experiments  of  this  kind  are  those  of  Bidder  and 
Schmidt^'  in  which  thej  tied  the  common  biliary  duct  in  dogs,  and 
thcD  established  a  permanent  fistula  in  the  fundus  of  the  gall-bladder, 
through  which  the  bile  was  allowed  to  flow  by  a  free  external  orifice. 
In  this  manner  the  bile  was  effectually  excluded  from  the  intestine, 
but  at  the  same  time  was  freely  and  wholly  discharged  from  the 
body,  by  the  artificial  fistula.  If  the  bile  therefore  were  simply  an 
excrementitious  fluid,  its  deleterious  ingredients  being  all  eliminated 
as  usual,  the  animals  would  not  suffer  any  serious  injury  from  this 
operation.  If,  on  the  contrary,  they  were  found  to  suffer  or  die  in 
consequence  of  it,  it  would  show  that  the  bile  has  really  some 
important  function  to  perform  in  the  intestinal  canal,  and  is  not 
simply  excrementitious  in  its  nature. 

The  result  showed  that  the  effects  of  such  an  experiment  were 
fatal  to  the  animal.  Four  dogs  only  survived  the  immediate  effects 
of  the  operation,  and  were  afterward  frequently  used  for  purposes 
of  experiment.  One  of  them  was  an  animal  from  which  the  spleen  , 
had  been  previously  removed,  and  whose  appetite,  as  usual  after 
this  operation,  was  morbidly  ravenous;  his  system,  accordingly, 
being  placed  under  such  unnatural  conditions  as  to  make  him  an 
unfit  subject  for  further  experiment.  In  the  second  animal  that 
survived,  the  communication  of  the  biliary  duct  with  the  intestine 
became  re-established  after  eighteen  days,  and  the  experiment  con- 
sequently had  no  result.  In  the  remaining  two  animals,  however, 
everything  was  successful.  The  fistula  in  the  gall-bladder  became 
permanently  established ;  and  the  bile-duct,  as  was  proved  subse- 
quently by  post-mortem  examination,  remained  completely  closed, 
so  that  no  bile  found  its  way  into  the  intestine.  Both  these  ani-  i 
mals  died ;  one  of  them  at  the  end  of  twenty-seven  days,  the  other 
at  the  end  of  thirty-six  days.  In  both,  the  symptoms  were  nearly 
the  same,  viz.,  constant  and  progressive  emaciation,  which  proceeded  . 
to  such  a  degree  that  nearly  every  trace  of  fat  disappeared  from  the 
body.  The  loss  of  flesh  amounted,  in  one  case,  to  more  than  two- 
fifths,  and  in  the  other  to  nearly  one-half  the  entire  weight  of  the 
animal.  There  was  also  a  falling  off  of  the  hair,  and  an  unusually 
disagreeable,  putrescent  odor  in  the  feces  and  in  the  breath.  Not- 
withstanding this,  the  appetite  remained  good.     Digestion  was  not 

I  Op.  cit.,  p.  103. 
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essentially  interfered  with,  and  none  of  the  food  was  discharged 
with  the  feces ;  but  there  was  much  rumbling  and  gurgling  in  the 
intestines,  and  abundant  discharge  of  flatus,  more  strongly  marked 
in  one  instance  than  in  the  other.  There  was  no  pain ;  and  death 
took  place,  at  last,  without  any  violent  symptoms,  but  by  a  simple 
and  gradual  Mlure  of  the  vital  powers. 

A  similar  experiment  has  been  successfully  performed  by  Prqf. 
A.  Flint,  Jr.'  In  this  instance  the  animal  lived  for  thirty-eight 
days  after  the  operation,  and  died  finally  of  inanition ;  the  symp- 
toms agreeing  in  every  important  particular,  with  those  reported 
by  Bidder  and  Schmidt. 

How  is  it,  then,  that  although  the  bile  be  not  an  active  agent  in 
digestion,  its  presence  in  the  alimentary  canal  is  still  essential  to 
life  ?  What  office  does  it  perform  there,  and  how  is  it  finally  dis- 
posed of? 

We  have  already  shown  that  the  bile  disappears  in  its  passage 
through  the  intestine.  This  disappearance  may  be  explained  in 
two  different  ways.  First,  the  biliary  matters  may  be  actually  re- 
absorbed from  the  intestine,  and  taken  up  by  the  bloodvessels ;  or 
secondly,  they  may  be  so  altered  and  decomposed  by  the  intestinal 
fluids  as  to  lose  the  power  of  giving  Pettenkofer's  reaction  with 
sugar  and  sulphuric  acid,  and  so  pass  off  with  the  feces  in  an 
insoluble  form.  Bidder  and  Schmidt*  have  finally  determined  this 
point  in  a  satisfactory  manner;  and  have  demonstrated  that  the 
biliary  substances  are  actually  reabsorbed,  by  showing  that  the 
quantity  of  sulphur  present  in  the  feces  is  far  inferior  to  that 
contained  in  the  biliary  ingredients  as  they  are  discharged  into  the 
intestine. 

These  observers  collected  and  analyzed  all  the  feces  passed,  dur- 
ing five  days,  by  a  healthy  dog,  weighing  17.7  pounds.  The  entire 
fecal  mass  during  this  period  weighed  1508.15  grains, 

ConUining  /  W*^'       ......        874.20  grains. 

°  i  Solid  residue 633.95        " 

1508.15 
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Dhe  solid  residue  was  composed  as  follows : — 

Neutral  fat,  soluble  in  ether    .        .    43.710  grains. 

Fat,  with  traces  of  bilisrj  matter    .     77.035        *< 

Alcohol  extract  with  biliary  matter    68.900  containing  1.085  grs.  of  sulphur. 

Substances  not  of  a  biliarj  nature 

extracted  hy  muriatic  acid  and 

hot  alcohol  ....  148.800  containing  1 .302  grs.  of  sulphur. 

2.387 
Fkttj  aoids  with  oxide  of  iron        •     98.425 

Beaidue  consisting  of  hair,  sand,  &c.,  207.080 


633.950 

Now,  as  it  Las  already  been  shown  that  the  dog  secretes,  during 
24  hours,  6.916  grains  of  solid  biliary  matter  for  every  pound  weight 
of  the  whole  body,  the  entire  quantity  of  biliary  matter  secreted 
in  five  days  by  the  above  animal,  weighing  17.7  pounds,  must  have 
been  612.5  grains,  or  nearly  as  much  as  the  whole  weight  of  the 
dried  feces.  But  furthermore,  the  natural  proportion  of  sulphur 
in  dog's  bile  (derived  from  the  uncrystallizable  biliary  matter),  is  six 
per  cent,  of  the  dry  residue.  The  612.5  grains  of  dry  bile,  secreted 
during  five  days,  contained,  therefore,  36.75  grains  of  sulphur. 
But  the  entire  quantity  of  sulphur,  existing  in  any  form  in  the 
feces,  was  5.952  grains ;  and  of  this  only  2.387  grains  were  derived 
from  substances  which  could  have  been  the  products  of  biliary 
matters — the  remainder  being  derived  from  the  hairs  which  are 
always  contained  in  abundance  in  the  feces  of  the  dog.  That  is, 
not  more  than  one-fifteenth  part  of  the  sulphur,  originally  present 
in  the  bile,  could  be  detected  in  the  feces.  As  this  is  a  simple 
chemical  element,  not  decomposable  by  any  known  means,  it  must, 
accordingly,  have  been  reabsorbed  from  the  intestine. 

We  have  endeavored  to  complete  the  evidence  thus  furnished  by 
Bidder  and  Schmidt,  and  to  demonstrate  directly  the  reabsorption 
of  the  biliary  matters,  by  searching  for  them  in  the  ingredients  of 
the  portal  blood.  We  have  examined,  for  this  purpose,  the  portal 
blood  of  dogs,  killed  at  various  periods  after  feeding.  The  animals 
were  killed  by  section  of  the  medulla  oblongata,  a  ligature  imme- 
diately placed  on  the  portal  vein,  while  the  circulation  was  still 
active,  and  the  requisite  quantity  of  blood  collected  by  opening 
the  vein.  The  blood  was  sometimes  immediately  evaporated  to 
dryness  by  the  water  bath.  Sometimes  it  was  coagulated  by  boil- 
ing in  a  porcelain  capsule,  over  a  spirit  lamp,  with  water  and  an 
excess  of  sulphate  of  soda,  and  the  filtered  watery  solution  after- 
ward  examined.     But  most  frequently  the  blood,  after  being  col- 
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lected  from  the  vein,  was  coagulated  by  the  gradual  addition  of 
three  times  its  volume  of  alcohol  at  ninety-five  per  cent^  stirring 
the  mixture  constantly,  so  as  to  make  the  coagulation  gradual  and 
uniform.  It  was  then  filtered,  the  moist  mass  remaining  on  the  filter 
subjected  to  strong  pressure  in  a  linen  bag;  by  a  porcelain  press, 
and  the  fluid  thus  obtained  added  to  that  previously  filtered.  The 
entire  spirituous  solution  was  then  evaporated  to  dryness,  the  dry 
residue  extracted  with  absolute  alcohol,  and  the  alcoholic  solution 
treated  as  usual,  with  ether,  &c.,  to  discover  the  presence  of  biliary 
matters.  In  every  instance  blood  was  taken  at  the  same  time  from 
the  jugular  vein,  or  the  abdominal  vena  cava,  and  treated  in  the 
same  way  for  purposes  of  comparison. 

We  have  examined  the  blood,  in  this  way,  one,  four,  six,  nine, 
eleven  and  a  half,  twelve,  and  twenty  hours  after  feeding.  As  the 
result  of  these  examinations,  we  have  found  that  in  the  venous 
blood,  both  of  the  portal  vein  and  of  the  general  circulation,  there 
exists  a  substance  soluble  in  water  and  absolute  alcohol,  and  pre- 
cipitable  by  ether  from  its  alcoholic  solution.  This  substance  is 
often  considerably  more  abundant  in  the  portal  blood  than  in  that 
taken  from  the  general  venous  system.  It  adheres  closely  to  the 
sides  of  the  glass  after  precipitation,  so  that  it  is  always  difficult, 
and  often  impossible,  to  obtain  enough  of  it,  mixed  with  ether,  for 
microscopic  examination.  It  dissolves,  also,  like  the  biliary  sub- 
stances, with  great  readiness  in  water ;  but  in  no  instance  have  we 
ever  been  able  to  obtain  from  it  such  a  satisfactory  reaction  with 
Pettenkofer's  test,  as  would  indicate  the  presence  of  bile.  This  is 
not  because  the  reaction  is  masked,  as  might  be  suspected,  by  some 
of  the  other  ingredients  of  the  blood ;  for  if  at  the  same  time,  two 
drops  of  bile  be  added  to  half  an  ounce  of  blood  taken  fix>m  the 
abdominal  vena  cava,  and  the  two  specimens  treated  alike,  the  ether- 
precipitate  may  be  considered  more  abundant  in  the  case  of  the 
portal  blood ;  and  yet  that  from  the  blood  of  the  vena  cava,  dis- 
solved in  water,  will  give  Pettenkofer's  reaction  for  bile  perfectly, 
while  that  of  the  portal  blood  will  give  no  such  reaction. 

Notwithstanding,  then,  the  irresistible  evidence  aflForded  by  the 
experiments  of  Bidder  and  Schmidt,  that  the  biliary  matters  are 
really  taken  up  by  the  portal  blood,  we  have  failed  to  recognize 
them  there  by  Pettenkofer's  test.  They  must  accordingly  undergo 
certain  alterations  in  the  intestine,  previously  to  their  absorption, 
so  that  they  no  longer  give  the  ordinary  reaction  of  the  biliary  sub- 
stances.   We  cannot  say,  at  present,  precisely  what  these  alterations 
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are;  but  they  are  evident! j  transformatioDs  of  a  catalytic  nature, 
produced  by  the  contact  of  the  bile  with  the  intestinal  juices. 

The  bile,  therefore,  is  a  secretion  which  has  not  yet  accomplished 
its  function  when  it  is  discharged  from  the  liver  and  poured  into  the 
intestine.  On  the  contrary,  during  its  passage  through  the  intestine 
it  is  still  in  the  interior  of  the  body,  in  contact  with  glandular  sur- 
&ces,  and  mingled  with  various  organic  substances,  the  ingredients 
of  the  intestinal  fluids,  which  act  upon  it  as  catalytic  bodies,  and 
produce  in  it  new  transformations.  This  may  account  for  the  &ct 
stated  above,  that  the  bile,  though  a  constant  and  iminterrupted 
secretion,  is  nevertheless  poured  into  the  intestine  in  the  greatest 
abundance  immediately  after  a  hearty  meal.  This  is  not  because  it 
is  to  take  any  direct  part  in  the  digestion  of  the  food ;  but  because 
the  intestinal  fluids,  being  themselves  present  at  that  time  in  the 
greatest  abundance,  can  then  act  upon  and  decompose  the  greatest 
quantity  of  bile.  At  all  events,  the  biliary  ingredients,  after  being 
altered  and  transformed  in  the  intestine,  as  they  might  be  in  the 
interior  of  a  glandular  organ,  re-enter  the  blood  imder  some  new 
form,  and  are  carried  away  by  the  circulation,  to  complete  their 
function  in  some  other  part  of  the  body. 
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CHAPTER    IX. 

FORMATION  OF  SUGAR  IN  THE  LIVER. 

Beside  the  secretion  of  bile,  the  liver  performs  also  another 
exceedingly  important  function,  viz.,  the  production  of  sugar  by  a 
metamorphosis  of  some  of  its  organic  ingredients. 

Under  ordinary  circumstances  a  considerable  quantity  of  sac- 
charine matter  is  introduced  with  the  food,  or  produced  from 
starchy  substances,  by  the  digestive  process,  in  the  intestinal  canal. 
In  man  and  the  herbivorous  animals,  accordingly,  an  abundant 
supply  of  sugar  is  derived  from  these  sources;  and,  as  we  have 
already  shown,  the  sugar  thus  introduced  is  necessary  for  the  proper 
support  of  the  vital  functions.  For  though  the  saccharine  matter 
absorbed  from  the  intestine  is  destroyed  by  decomposition  soon 
after  entering  the  circulation,  yet  the  chemical  changes  by  which 
its  decomposition  is  effected  are  themselves  necessary  for  the  proper 
constitution  of  the  blood,  and  the  healthy  nutrition  of  the  tissues. 
Experiment  shows,  however,  that  the  system  does  not  depend,  for 
its  supply  of  sugar,  entirely  upon  external  sources ;  but  that  sac- 
charine matter  is  also  produced  independently,  in  the  tissue  of  the 
liver,  whatever  may  be  the  nature  of  the  food  upon  which  the 
animal  subsists. 

This  important  function  was  first  discovered  by  M.  Claude  Ber- 
nard^ in  1848,  and  described  by  him  under  the  name  of  the  glyco- 
genic function  of  the  liver. 

It  has  long  been  known  that  sugar  may  be  abundantly  secreted, 
under  some  circumstances,  when  no  vegetable  matters  have  been 
taken  with  the  food.  The  milk,  for  example,  of  all  animals,  car- 
nivorous as  Well  as  herbivorous,  contains  a  notable  proportion  of 
sugar ;  and  the  quantity  thus  secreted,  during  lactation,  is  in  some 
instances  very  great.  In  the  human  subject,  also,  when  suflFering 
from  diabetes,  the  amount  of  saccharine  matter  discharged  with  the 

■  Noarelle  Fonction  du  Foie.     Paris,  1853. 
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urine  has  often  appeared  to  be  altogether  out  of  proportion  to  that 
which  could  be  accounted  for  bj  the  vegetable  substances  taken  as 
food.  The  experiments  of  Bernard,  the  most  important  of  which 
we  have  repeatedly  confirmed,  in  common  with  other  investigators, 
show  that  in  these  instances  most  of  the  sugar  has  an  internal 
origin,  and  that  it  first  makes  its  appearance  in  the  tissue  of  the 
liver. 

If  a  carnivorous  animal,  as,  for  example,  a  dog  or  a  cat,  be  fed 
for  several  days  exclusively  upon  meat,  and  then  killed,  the  liver 
alone  of  all  the  internal  organs  is  found  to  contain  sugar  among  its 
other  ingredients.  For  this  purpose,  a  portion  of  the  organ  should 
be  cut  into  small  pieces,  reduced  to  a  pulp  by  grinding  in  a  mortar 
with  a  little  water,  and  the  mixture  coagulated  by  boiling  with  an 
excess  of  sulphate  of  soda,  in  order  to  precipitate  the  albuminous 
and  coloring  matters.  The  filtered  fluid  will  then  reduce  the  oxide 
of  copper,  with  great  readiness,  on  the  application  of  Trommer's 
test.  A  decoction  of  the  same  tissue,  mixed  with  a  little  yeast,  will 
also  give  rise  to  fermentation,  producing  alcohol  and  carbonic  acid, 
as  is  usual  with  saccharine  solutions.  On  the  contrary,  the  tissues 
of  the  spleen,  the  kidneys,  the  lungs,  the  muscles,  &c.,  treated  in 
the  same  way,  give  no  indication  of  sugar,  and  do  not  reduce  the 
salts  of  copper.  Every  other  organ  in  the  body  may  be  entirely 
destitute  of  sugar,  but  the  liver  always  contains  it  in  considerable 
quantity,  provided  the  animal  be  healthy.  Even  the  blood  of  the 
portal  vein,  examined  by  a  similar  process,  contains  no  saccharine 
element,  and  yet  the  tissue  of  the  organ  supplied  by  it  shows  an 
abundance  of  saccharine  ingredients. 

It  is  remarkable  for  how  long  a  time  the  liver  will  continue  to 
exhibit  the  presence  of  sugar,  after  all  external  supplies  of  this 
substance  have  been  cut  off.  Bernard  kept  two  dogs  under  his  own 
observation,  one  for  a  period  of  three,  the  other  of  eight  months,* 
during  which  period  they  were  confined  strictly  to  a  diet  of  animal 
food  (boiled  calves'  heads  and  tripe),  and  then  killed.  Upon  exa- 
mination, the  liver  was  found,  in  each  instance,  to  contain  a  propor- 
tion of  sugar  fully  equal  to  that  present  in  the  organ  under  ordinary 
circumstances. 

The  sugar,  therefore,  which  is  found  in  theliver  after  death,  is  a 
normal  ingredient  of  the  hepatic  tissue.  It  is  not  formed  in  other 
parts  of  the  body,  nor  absorbed  from  the  intestinal  canal,  but  takes 

*  NouveUe  Fonction  du  Foit*,  p.  50. 
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its  origin  in  tbe  liver  itself;  it  is  produced,  as  a  new  formatioD,  by 
a  secreting  process  in  the  tissue  of  the  organ. 

The  presence  of  sugar  in  the  liver  is  common  to  all  species  of 
animals,  so  far  as  is  yet  known.  Bernard  found  it  invariably  in 
monkeys,  dogs,  cats,  rabbits,  the  horse,  the  ox,  the  goat>  the  sheep, 
in  birds,  in  reptiles,  and  in  most  kinds  of  fish.  It  was  only  in  two 
species  of  fish,  viz.,  the  eel  and  the  ray  (Mura^na  anguilla  and  Baia 
batis),  that  he  sometimes  failed  to  discover  it ;  but  the  failure  in 
these  instances  was  apparently  owing  to  the  commencing  putres- 
cence of  the  tissue,  by  which  the  sugar  had  probably  been  destroyed. 
In  the  fresh  liver  of  the  human  subject,  examined  after  death  from 
accidental  violence,  sugar  was  found  to  be  present  in  the  proportion 
of  1.10  to  2.14  per  cent,  of  the  entire  weight  of  the  organ* 

The  following  list  shows  the  average  percentage  of  sugar  present 
in  the  healthy  liver  of  man  and  different  species  of  animals,  accord- 
ing to  the  examinations  of  Bernard : — 


In  man  . 
"  monkej 
"  dog  . 
"  cat  . 
"  xabbit 
**  sheep 
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.    1.68  In  ox      .  .  .  .  2.30 

.    2.15  ''  horse  .  .  .  4.08 

.    1.69  ''  goat  ....  3.89 

.1.94  "  birds  .  .  .  1.49 

.     1.94  "  reptiles  .  .  .  1.04 

.    2.00  "*  fish    .  .  .  .  1.45 


With  regard  to  the  nature  and  |)roperties  of  the  liver  sugar,  it 
resembles  very  closely  glucose,  or  the  sugar  of  starch,  the  sugar  of 
honey,  and  the  sugar  of  milk,  though  it  is  not  absolutely  identical 
with  either  one  of  them.  Its  solution  reduces,  as  we  have  seen,  the 
salts  of  copper  in  Trommer's  test,  and  becomes  colored  brown  when 
boiled  with  caustic  potassa.  It  ferments  very  readily,  also,  when 
mixed  with  yeast  and  kept  at  the  temperature  of  70^  to  100°  F. 
It  is  distinguished  from  all  the  other  sugars,  according  to  Bernard,^ 
by  the  readiness  with  which  it  becomes  decomposed  in  the  blood — 
since  cane  sugar  and  beet  root  sugar,  if  injected  into  the  circulation 
of  a  living  animal,  pass  through  the  system  without  sensible  decom- 
position, and  are  discharged  unchanged  with  the  urine ;  sugar  of 
milk  and  glucose,  if  injected  in  moderate  quantity,  are  decomposed 
in  the  blood,  but  if  introduced  in  greater  abundance  make  their 
appearance  also  in  the  urine;  while  a  solution  of  liver  sugar,  though 
injected  in  much  larger  quantity  than  either  of  the  others,  may  dis- 

>  Lemons  de  Physiol ogie  Experimentale.    Paris,  1855,  p.  213. 
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appear  altogether  in  the  circulation,  without  passing  off  by  the 
kidneys. 

This  substance  is  therefore  a  sugar  of  animal  origin,  similar  in 
its  properties  to  other  varieties  of  saccharine  matter,  derived  from 
different  sources. 

The  sugar  of  the  liver  is  not  produced  in  the  blood  by  a  direct 
decomposition  of  the  elements  of  the  circulating  fluid  in  the  vessels 
of  the  organ,  but  takes  its  origin  in  the  solid  suistance  of  the  hepatic 
tissue,  as  a  natural  ingredient  of  its  organic  texture.  The  blood 
which  may  be  pressed  out  from  a  liver  recently  extracted  from  the 
body,  it  is  true,  contains  sugar ;  but  this  sugar  it  has  absorbed  from 
the  tissue  of  the  organ  in  which  it  circulates.  This  is  demonstrated 
by  the  singular  fact  that  the  fresh  liver  of  a  recently  killed  animal, 
though  it  may  be  entirely  drained  of  blood  and  of  the  sugar  which 
it  contained  at  the  moment  of  death,  will  still  continue  for  a  certain 
time  to  produce  a  saccharine  substance.  If  such  a  liver  be  injected 
with  water  by  the  portal  vein,  and  all  the  blood  contained  in  its 
vessels  washed  out  by  the  stream,  the  water  which  escapes  by  the 
hepatic  vein  will  still  be  found  to  contain  sugar.  M.  Bernard  has 
found^  that  if  all  the  sugar  contained  in  a  fresh  liver  be  extracted  in 
this  manner  by  a  prolonged  watery  injection,  so  that  neither  the 
water  which  escapes  by  the  hepatic  vein,  nor  the  substance  of  the 
liver  itself,  contain  any  further  traces  of  sugar,  and  if  the  organ  be 
then  laid  aside  for  twenty-four  hours,  both  the  tissue  of  the  liver  and 
the  fluid  which  exudes  from  it  will  be  found  at  the  end  of  that  time 
to  have  again  become  highly  saccharine.  The  sugar,  therefore,  is 
evidently  not  produced  in  the  blood  circulating  through  the  liver, 
but  in  the  substance  of  the  organ  itself.  Once  having  originated 
in  the  hepatic  tissue,  it  is  absorbed  thence  by  the  blood,  and  trans- 
ported by  the  circulation,  as  we  shall  hereafter  show,  to  other  parts 
of  the  body. 

The  sugar  which  thus  originates  in  the  tissue  of  the  liver,  is  pro- 
duced by  a  mutual  decomposition  and  transformation  of  various 
other  ingredients  of  the  hepatic  substance ;  these  chemical  changes 
being  a  part  of  the  nutritive  process  by  which  the  tissue  of  the 
organ  is  constantly  sustained  and  nourished.  There  is  probably  a 
series  of  several  different  transformations  which  take  place  in  this 
manner,  the  details  of  which  are  not  yet  known  to  us.  It  has  been 
discovered,  however,  that  one  change  at  least  precedes  the  final 

I  Gazette  Hebdomadal  re,  Paris,  Oct.  5, 1S55. 
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production  of  saccharine  matter;  and  that  the  sugar  itself  is  pro- 
duced by  the  transformation  of  another  peculiar  substance,  of  ante- 
rior formation.  This  substance,  which  precedes  the  formation  of 
sugar,  and  which  is  itself  produced  in  the  tissue  of  the  liver,  is 
known  by  the  name  of  glycogenic  mcUter,  or  glycogene. 

This  glycogenic  matter  may  be  extracted  from  the  liver  in  the 
following  manner.  The  organ  is  taken  immediately  from  the  body 
of  the  recently  killed  animal,  cut  into  small  pieces,  and  coagulated  by 
being  placed  for  a  few  minutes  in  boiling  water.  This  is  in  order 
to  prevent  the  albuminous  liquids  of  the  organ  from  acting  npon 
the  glycogenic  matter  and  decomposing  it  at  a  medium  temperature. 
The  coagulated  tissue  is  then  drained,  placed  in  a  mortar,  reduced 
to  a  pulp  by  bruising  and  grinding,  and  afterward  boiled  in  dis-^ 
tilled  water  for  a  quarter  of  an  hour,  by  which  the  glycogenic 
matter  is  extracted  and  held  in  solution  by  the  boiling  water. 

The  liquid  of  decoction,  which  should  be  as  concentrated  as  pos- 
sible, must  then  be  expressed,  strained,  and  filtered,  after  which  it 
appears  as  a  strongly  opalescent  fluid,  of  a  slightly  yellowish  tinge. 
The  glycogenic  matter  which  is  held  in  solution  may  be  precipi- 
tated by  the  addition  to  the  filtered  fluid  of  five  times  its  volume 
of  alcohol.  The  precipitate,  after  being  repeatedly  washed  with 
alcohol  in  order  to  remove  sugar  and  biliary  matters,  may  then  be 
redissolved  in  distilled  water.  It  may  be  precipitated  from  its 
watery  solution  either  by  alcohol  in  excess  or  by  crystallizable 
acetic  acid,  in  both  of  which  it  is  entirely  insoluble,  and  may  be 
afterward  kept  in  the  dry  state  for  an  indefinite  time  without  losing 
its  properties. 

The  glycogenic  matter,  obtained  in  this  way,  is  regarded  as 
intermediate  in  its  nature  and  properties  between  hydrated  starch 
and  dextrine.  Its  ultimate  composition,  according  to  M.  Pelouze,' 
is  as  follows : — 


CijHijOij* 


When  brought  into  contact  with  iodine,  it  produces  a  coloration 
varying  from  violet  to  a  deep,  clear,  maroon  red.  It  does  not 
reduce  the  salts  of  copper  in  Trommer's  test,  nor  does  it  ferment 
when  placed  in  contact  with  yeast  at  the  proper  temperature.  It 
does  not,  therefore,  of  itself  contain  sugar.  It  may  easily  be  con- 
verted into  sugar,  however,  by  contact  with  any  of  the  animal 
ferments,  as,  for  example,  those  contained  in  the  saliva,  or  in  the 


>  Joarnal  de  Phjsiologie,  Paris,  1858,  p.  652. 
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blood.  If  a  solution  of  glycogenic  matter  be  mixed  with  fresh 
human  saliva^  and  kept  for  a  few  minutes  at  the  temperature  of 
100°  F.,  the  mixture  will  then  be  found  to  have  acquired  the  power 
of  reducing  the  salts  of  copper  and  of  entering  into  fermentation  by 
contact  with  yeast.  The  glycogenic  matter  has  therefore  been 
converted  into  sugar  by  a  process  of  catalysis^  in  the  same  manner 
as  vegetable  starch  would  be  transformed  under  similar  conditions. 

The  glycogenio  matter  which  is  thus  destined  to  be  converted 
into  sugar,  is  formed  in  the  liver  by  the  processes  of  nutrition.  It 
may  be  extracted,  as  we  have  seen  above,  from  the  hepatic  tissue 
of  carnivorous  animals,  and  is  equally  present  when  they  have  been 
exclusively  confined  for  many  days  to  a  meat  diet  It  is  not  in- 
troduced with  the  food ;  for  the  fleshy  meat  of  the  herbivora  does 
not  contain  it  in  appreciable  quantity,  though  these  animals  so 
constantly  take  starchy  substances  with  their  food.  In  them,  the 
starchy  matters  are  transformed  into  sugar  by  digestion,  and  the 
sugar  so  produced  is  rapidly  destroyed  after  entering  the  circula- 
tion ;  so  that  usually  neither  saccharine  nor  starchy  substances  are 
to  be  discovered  in  the  muscular  tissue.  M.  Poggiale*  found  that  in 
very  many  experiments,  performed  by  a  commission  of  the  French 
Academy  for  the  purpose  of  examining  this  subject,  glycogenic 
matter  was  detected  in  ordinary  butcher's  meat  only  once.  We 
have  also  found  it  to  be  absent  from  the  fresh  meat  of  the  bullock's 
heart,  when  examined  in  the  manner  described  above.  Neverthe- 
less, in  dogs  fed  exclusively  upon  this  food  for  eight  days,  glycogenic 
matter  may  be  found  in  abundance  in  the  liver,  while  it  does  not 
exist  in  other  parts  of  the  body,  as  the  spleen,  kidney,  lungs,  &c. 

Furthermore,  in  a  dog  fed  exclusively  for  eight  days  upon  the 
fresh  meat  of  the  bullock's  heart,  and  then  killed  four  hours  after 
a  meal  of  the  same  food,  at  which  time  intestinal  absorption  is 
going  on  in  full  vigor,  the  liver  contains,  as  aboye  mentioned,  both 
glycogenic  matter  and  sugar ;  but  neither  sugar  nor  glycogenic  mat- 
ter can  be  found  in  the  blood  of  the  portal  vein,  when  subjected  to 
a  similar  examination. 

The  glycogenic  matter,  accordingly,  does  not  originate  from  any 
external  source,  but  is  formed  in  the  tissue  of  the  liver ;  where  it 
is  soon  afterward  transformed  into  sugar,  while  still  forming  a  part 
of  the  substance  of  the  organ. 

The  formation  of  sugar  in  the  liver  is  therefore  a  function  com- 

'  Joarnal  de  Phjrsiologie,  Paria,  1858,  p.  558. 
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posed  of  two  distinct  and  successiye  processes,  viz :  first,  the  forma- 
tion, in  the  hepatic  tissue,  of  a  glycogenic  matter,  having  some 
resemblance  to  dextrine;  and  secondly,  the  conversion  of  this 
glycogenic  matter  into  sugar,  by  a  process  of  catalysis  and  trans- 
formation. 

The  sugar  thus  produced  in  the  substance  of  the  liver  is  absorbed 
from  it  by  the  blood  circulating  in  its  vessels.  The  mechanism  of 
this  absorption  is  probably  the  same  with  that  which  goes  on  in 
other  parts  of  the  circulation.  It  is  a  process  of  transudation  and 
endosmosis,  by  which  the  blood  in  the  vessels  takes  up  the  saccha- 
rine fluids  of  the  liver,  during  its  passage  through  the  organ. 
While  the  blood  of  the  portal  vein,  therefore,  in  an  animal  led 
exclusively  upon  meat,  contains  no  sugar,  the  blood  of  the  hepatic 
vein,  as  it  passes  upward  to  the  heart,  is  always  rich  in  saccharine 
ingredients.  This  difference  can  be  easily  demonstrated  by  exa- 
mining comparatively  the  two  kinds  of  blood,  portal  and  hepatic, 
from  the  recently  killed  animal.  The  blood  in  its  passage  through 
the  liver  is  found  to  have  acquired  a  new  ingredient,  and  shows, 
upon  examination,  all  the  properties  of  a  saccharine  liquid. 

The  sugar  produced  in  the  liver  is  accordingly  to  be  r^arded  as 
a  true  secretion,  formed  by  the  glandular  tissue  of  the  organ,  by  a 
similar  process  to  that  of  other  glandular  secretions.  It  differs 
from  the  latter,  not  in  the  manner  of  its  production,  but  only  in 
the  mode  of  its  discharge.  For  while  the  biliary  matters  produced 
in  the  liver  are  absorbed  by  the  hepatic  ducts  and  conducted  down- 
ward to  the  gall-bladder  and  the  intestine,  the  sugar  is  absorbed  by 
the  bloodvessels  of  the  organ  and  carried  upward,  by  the  hepatic 
veins,  toward  the  heart  and  the  general  circulation. 

The  production  of  sugar  in  the  liver  during  health  is  a  constant 
process,  continuing,  in  many  cases,  for  several  days  after  the  animal 
has  been  altogether  deprived  of  food.  Its  activity,  however,  like 
that  of  most  other  secretions,  is  subject  to  periodical  augmentation 
and  diminution.  Under  ordinary  circumstances,  the  sugar,  which 
is  absorbed  by  the  blood  from  the  tissue  of  the  liver,  disappears 
very  soon  after  entering  the  circulation.  As  the  bile  is  transformed 
in  the  intestine,  so  the  sugar  is  deoomposed  in  the  blood.  We  are 
not  yet  acquainted,  however,  with  the  precise  nature  of  the  changes 
which  it  undergoes  aft«r  entering  the  vascular  system.  It  is  very 
probable,  according  to  the  views  of  Lehmann  and  Robin,  that  it  is 
at  first  converted  into  lactic  acid  {C^Kfi^f  which  decomposes  in 
turn  the  alkaline  carbonates,  setting  free  carbonic  acid,  and  forming 
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lactates  of  soda  and  potassa.  But  whatever  be  the  exact  mode  of 
its  transformation,  it  is  certain  that  the  sugar  disappears  rapidly ; 
and  while  it  exists  in  considerable  quantity  in  the  liver  and  in  the 
blood  of  the  hepatic  veins  and  the  right  side  of  the  heart,  it  is  not 
usually  to  be  found  in  the  pulmonary  veins  nor  in  the  blood  of  the 
general  circulation. 

About  two  and  a  half  or  three  hours,  however,  after  the  ingestion 
of  food,  according  to  the  investigations  of  Bernard,  the  circulation 
of  blood  through  the  portal  system  and  the  liver  becomes  consider- 
ably accelerated.  A  larger  quantity  of  sugar  is  then  produced  in 
the  liver  and  carried  away  from  the  organ  by  the  hepatic  veins ; 
fio  that  a  portion  of  it  then  escapes  decomposition  while  passing 
through  the  lungs,  and  begins  to  appear  in  the  blood  of  the  arterial 
system.  Soon  afterward  it  appears  also  in  the  blood  of  the  capil- 
laries; and  from  four  to  six  hours  after  the  commencement  of 
digestion  it  is  produced  in  the  liver  so  much  more  rapidly  than  it 
is  destroyed  in  the  blood,  that  the  surplus  quantity  circulates 
throughout  the  body,  and  the  blood  everywhere  has  a  slightly  sac- 
charine character.  It  does  not,  however,  in  the  healthy  condition, 
make  its  appearance  in  any  of  the  secretions. 

After  the  sixth  hour,  this  unusual  activity  of  the  sugar-producing 
function  begins  again  to  diminish ;  and,  the  transformation  of  the 
sugar  in  the  circulation  going  on  as  before,  it  gradually  disappears 
as  an  ingredient  of  the  blood.  Finally,  the  ordinary  equilibrium 
between  its  production  and  its  decomposition  is  re-established,  and 
it  can  no  longer  be  found  except  in  the  liver  and  in  that  part  of 
the  circulatory  system  which  is  between  the  liver  and  the  lungs. 
There  is,  therefore,  a  periodical  increase  in  the  amount  of  unde- 
composed  sugar  in  the  blood,  as  we  have  already  shown  to  be  the 
case  with  the  fatty  matter  absorbed  during  digestion;  but  this 
increase  is  soon  followed  by  a  corresponding  diminution,  and  during 
the  greater  portion  of  the  time  its  decomposition  keeps  pace  with 
its  production,  and  it  is  consequently  prevented  from  appearing  in 
the  blood  of  the  general  circulation. 

There  are  produced,  accordingly,  in  the  liver,  two  different  secre- 
tions^  viz.,  bile  and  sugar.  Both  of  them  originate  by  transforma- 
tion of  the  ingredients  of  the  hepatic  tissue,  from  which  they  are 
absorbed  by  two  different  sets  of  vessels.  The  bile  is  taken  up  by 
the  biliary  ducts,  and  by  them  discharged  into  the  intestine ;  while 
the  sugar  is  carried  off  by  the  hepatic  veins,  to  be  decomposed  in  the 
circulation,  and  become  subservient  to  the  nutrition  of  the  blood. 
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CHAPTER  X. 


THE    SPLEEN. 


The  spleen  is  an  exceedingly  yascular  organ,  sitnated  in  the 
Ticinity  of  the  great  pouch  of  the  stomach  and  supplied  abund- 
antly by  branches  of  the  coeliac  axis.  Its  veins,  like  those  of  the 
digestive  abdominal  organs,  form  a  part  of  the  great  portal  system, 
and  conduct  the  blood  which  has  passed  through  it  to  the  liver, 
before  it  mingles  again  with  the  general  current  of  the  circulation. 

The  spleen  is  covered  on  its  exterior  by  an  investing  membrane 
or  capsule,  which  forms  a  protective  sac,  containing  the  soft  pulp 
of  which  the  greater  part  of  the  organ  is  composed.  This  capsule, 
in  the  spleen  of  the  ox,  is  thick,  whitish,  and  opaque,  and  is  com- 
posed to  a  great  extent  of  yellow  elastic  tissue.  It  accordingly 
possesses,  in  a  high  degree,  the  physical  property  of  elasticity,  and 
may  be  widely  stretched  without  laceration ;  returning  readily  to 
its  original  size  as  soon  as  the  extending  force  is  relaxed. 

In  the  carnivorous  animals,  on  the  other  hand,  the  capsule  of 
the  spleen  is  thinner,  and  more  colorless  and  transparent.  It  con- 
tains here  but  very  little  elastic  tissue,  being  composed  mostly  of 
smooth,  involuntary  muscular  fibres,  connected  in  layers  by  a  little 
intervening  areolar  tissue.  In  the  herbivorous  animals,  accordingly, 
the  capsule  of  the  spleen  is  simply  elastic,  while  in  the  carnivora  it 
is  contractile. 

In  both  instances,  however,  the  elastic  and  contractile  properties 
of  the  capsule  subserve  a  nearly  similar  purpose.  There  is  every 
reason  to  believe  that  the  spleen  is  subject  to  occasional  and  per- 
haps regular  variations  in  size,  owing  to  the  varying  condition  of 
the  abdominal  circulation.  Dr.  William  Dobson*  found  that  the 
size  of  the  organ  increased,  from  the  third  hour  after  feeding  up  to 
the  fifth ;  when  it  arrived  at  its  maximum,  gradually  decreasing 
after  that  period.    When  these  periodical  congestions  take  place, 

>  In  Oraj,  OD  tbe  Stnictare  and  Uses  of  tli«  Spleen.     London,  1854,  p.  40. 
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the  organ  becoming  turgid  with  blood,  the  capsule  is  distended ; 
and  limits,  by  its  resisting  power,  the  degree  of  tumefaction  to 
which  the  spleen  is  liable.  When  the  disturbing  cause  has  again 
passed  away,  and  the  circulation  is  about  to  return  to  its  ordinary 
condition,  the  elasticity  of  the  capsule  in  the  herbivora,  and  its  con- 
tractility in  the  carniyora,  compress  the  soft  vascular  tissue  within, 
and  reduce  the  organ  to  its  original  dimensions.  This  contractile 
action  of  the  invested  capsule  can  be  readily  seen  in  the  dog  or 
the  cat,  by  opening  the  abdomen  while  digestion  is  going  on, 
exposing  the  spleen  and  removing  it,  after  ligature  of  its  vessels. 
When  first  exposed,  the  organ  is  plump  and  rounded,  and  presents 
externally  a  smooth  and  shining  surface.  But  as  soon  as  it  has 
been  removed  from  the  abdomen  and  its  vessels  divided,  it  begins 
to  contract  sensibly,  becomes  reduced  in  size,  stifi^  and  resisting  to 
the  touch ;  while  its  surface,  at  the  same  time,  becomes  uniformly 
wrinkled,  by  the  contraction  of  its  muscular  fibres. 

In  its  interior,  the  substance  of  the  spleen  is  traversed  everywhere 
by  slender  and  ribbon-like  cords  of  fibrous  tissue,  which  radiate 
from  the  sheath  of  its  principal  arterial  trunks,  and  are  finally 
attached  to  the  internal  surface  of  its  investing  capsule.  These 
fibrous  cords,  or  trdbeculee,  as  they  are  called,  by  their  frequent 
branching  and  mutual  interlacement,  form  a  kind  of  skeleton  or 
framework  by  which  the  soft  splenic  pulp  is  embraced,  and  the 
shape  and  integrity  of  the  organ  maintained.  They  are  composed 
of  similar  elements  to  those  of  the  investing  capsule,  viz.,  elastic 
tissue  and  involuntary  muscular  fibres,  united  with  each  other  by 
a  varying  quantity  of  the  fibres  of  areolar  tissue. 

The  interstices  between  the  trabeculaa  of  the  spleen  are  occupied 
by  the  splenic  pulp;  a  soft,  reddish  substance,  which  contains, 
beside  a  few  nerves  and  lymphatics,  capillary  bloodvessels  in  great 
profusion,  and  certain  whitish  globular  bodies,  which  may  be  re- 
garded as  the  distinguishing  anatomical  elements  of  the  organ,  and 
which  are  termed  the  Maljnghian  bodies  of  the  spleen. 

The  Malpighian  bodies  are  very  abundant,  and  are  scattered 
throughout  the  splenic  pulp,  being  most  frequently  attached  to  the 
sides,  or  at  the  point  of  bifurcation  of  some  small  artery.  They 
are  readily  visible  to  the  naked  eye  in  the  spleen  of  the  ox,  upon  a 
fresh  section  of  the  organ,  as  minute,  whitish,  rounded  bodies,  which 
may  be  separated,  by  careful  manipulation,  from  the  surrounding 
parts.  In  the  carnivorous  animals,  on  the  other  hand,  and  in  the 
human  subject,  it  is  more  difficult  to  distinguish  them  by  the  un- 
14 
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aided  eye,  though  they  always  exist  in  the  spleen  in  a  healthy 
condition.  Their  averi^e  diameter,  according  to  KoUiker,  is  ^^  of 
an  inch.  They  consist  of  a  closed  8ac>  or  capsule,  containing  in 
its  interior  a  viscid,  semi-solid  mass  of  cells,  cell-nuclei,  and  homo- 
geneous substance.  Each  Malpighian  body  is  covered,  on  its  exte- 
rior, by  a  network  of  fine  capillary  bloodvessels;  and  it  is  now 
perfectly  well  settled,  by  the  observations  of  various  anatomists 
(Kdlliker,  Busk,  Huxley,  &c.),  that  bloodvessels  also  penetrate  into 
the  substance  of  the  Malpighian  body,  and  there  form  an  internal 
capillary  plexus. 

The  spleen  is  accordingly  a  glandular  organ,  analogous  in  its 
minute  structure  to  the  solitary  and  agminated  glands  of  the  small 
intestine,  and  to  the  lymphatic  glands  throughout  the  body.  Like 
them,  it  is  a  gland  without  an  excretory  duct ;  and  resembles,  also, 
in  this  respect,  the  thyroid  and  thymus  glands  and  the  supra-renal 
capsules.  All  these  organs  have  a  structure  which  is  evidently 
glandular  in  its  nature,  and  yet  the  name  of  glands  has  been  some- 
times refased  to  them  because  they  have,  as  above  mentioned,  no 
duct  and  produce  apparently  no  distinct  secretion.  We  have 
already  seen,  however,  that  a  secretion  may  be  produced  in  the 
interior  of  a  glandular  organ,  like  the  sugar  in  the  substance  of  the 
liver,  and  yet  not  be  discharged  by  its  excretory  duct  The  veins 
of  the  gland,  in  this  instance,  perform  the  part  of  excretory  ducts. 
They  absorb  the  new  materials,  and  convey  them,  through  the 
medium  of  the  blood,  to  other  parts  of  the  body,  where  they  suffer 
subsequent  alterations,  and  are  finally  decomposed  in  the  circula- 
tion. 

The  action  of  such  organs  is  consequently  to  modify  the  consti- 
tution of  the  blood.  As  the  blood  passes  through  their  tissue,  it 
absorbs  from  the  glandular  substance  certain  materials  which  it  did 
not  previously  contain,  and  which  are  necessary  to  the  perfect  con- 
stitution of  the  circulating  fluid.  The  blood,  as  it  passes  out  from 
the  organ,  has  therefore  a  different  composition  from  that  which  it 
possessed  before  its  entrance ;  and  on  this  account  the  name  of  vas- 
cular glands  has  been  applied  to  all  the  glandular  organs  above 
mentioned,  which  are  destitute  of  excretory  ducts,  and  is  eminently 
applicable  to  the  spleen. 

The  precise  alteration,  however,  which  is  effected  in  the  blood 
during  its  passage  through  the  splenic  tissue,  has  not  yet  been 
discovered.  Various  hypotheses  have  been  advanced  from  time  to 
time,  as  to  the  processes  which  go  on  in  this  organ ;  many  of  them 
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vague  and  indefinite  in  character,  and  some  of  them  directly  con- 
tradictory of  each  other.  None,  however,  have  yet  been  offered 
which  are  entirely  satisfactory  in  themselves,  or  which  rest  on  suf- 
ficiently reliable  evidence. 

A  very  remarkable  fact  with  regard  to  the  spleen  is  that  it  may 
be  entirely  removed  in  many  of  the  lower  animals,  without  its  loss 
producing  any  serious  permanent  injury.  This  experiment  has 
been  frequently  performed  by  various  observers,  and  we  have  our- 
selves repeated  it  several  times  with  similar  results.  The  organ 
may  be  easily  removed,  in  the  dog  or  the  cat,  by  drawing  it  out  of 
the  abdomen,  through  an  opening  in  the  median  line,  placing  a  few 
ligatures  upon  the  vessels  of  the  gastro-splenic  omentum,  and  then 
dividing  the  vessels  between  the  ligatures  and  the  spleen.  The 
wound  usually  heals  without  dilBculty ;  and  if  the  animal  be  killed 
some  weeks  afterward,  the  only  remaining  trace  of  the  operation 
is  an  adhesion  of  the  omentum  to  the  inner  surface  of  the  abdomi- 
nal parietes,  at  the  situation  of  the  original  wound. 

The  most  constant  and  permanent  effect  of  a  removal  of  the 
spleen  is  an  unusual  increase  of  the  appetite.  This  symptom  we 
have  observed  in  some  instances  to  be  excessively  developed ;  so 
that  the  animal  would  at  all  times  throw  himself,  with  an  unnatural 
avidity,  upon  any  kind  of  food  offered  him.  We  have  seen  a  dog, 
subjected  to  this  operation,  afterward  feed  without  hesitation  upon 
the  flesh  of  other  dogs ;  and  even  devour  greedily  the  entrails,  taken 
warm  from  the  abdomen  of  the  recently  killed  animal.  The  food 
taken  in  this  unusual  quantity  is,  however,  perfectly  well  digested ; 
and  the  animal  will  often  gain  very  perceptibly  in  weight.  In  one 
instance,  a  cat,  in  whom  the  unnatural  appetite  was  marked  though 
not  excessive,  increased  in  weight  from  five  to  six  pounds,  in  the 
course  of  a  little  less  than  two  months ;  and  at  the  same  time  the 
fur  became  sleek  and  glossy,  and  there  was  a  considerable  improve- 
ment in  the  general  appearance  of  the  animal. 

Another  symptom,  which  usually  follows  removal  of  the  spleen, 
is  an  unnatural  ferocity  of  disposition.  The  animal  will  frequently 
attack  others,  of  its  own  or  a  different  species,  without  any  appa- 
rent cause,  and  without  any  regard  to  the  difference  of  size,  strength, 
&c.  This  symptom  is  sometimes  equally  excessive  with  that  of  an 
unnatural  appetite ;  while  in  other  instances  it  shows  itself  only  in 
occasional  outbursts  of  irritability  and  violence. 

Neither  of  the  symptoms,  however,  which  we  have  just  de- 
scribed, appears  to  exert  any  permanently  injurious  effect  upon  the 
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animal  whicli  has  been  subjected  to  the  operation ;  and  life  may  be 
prolonged  for  an  indefinite  period  without  any  serious  disturbance 
of  the  nutritive  process,  after  the  spleen  has  been  completely 
extirpated. 

We  must  accordingly  regard  the  spleen,  not  as  a  single  organ, 
but  as  associated  with  others,  which  may  completely,  or  to  a  great 
extent,  perform  its  functions  after  its  entire  removal.  We  have 
already  noticed  the  similarity  in  structure  between  the  spleen  and 
the  mesenteric  and  lymphatic  glands ;  a  similarity  which  has  led 
some  writers  to  regard  them  as  more  or  less  closely  associated  with 
each  other  in  function,  and  to  consider  the  spleen  as  an  unusually 
developed  Jjrmphatio  or  mesenteric  gland.  It  is  true  that  this 
organ  is  provided  with  a  comparatively  scanty  supply  of  lymphatic 
vessels ;  and  the  chyle,  which  is  absorbed  from  the  intestine,  does 
not  pass  through  the  spleen,  as  it  passes  through  the  remaining 
mesenteric  glands.  Still,  the  physiological  action  of  the  spleen 
may  correspond  with  that  of  the  other  lymphatic  glands,  so  far  as 
regards  its  influence  on  the  blood ;  and  there  can  be  little  doubt 
that  its  function  is  shared,  either  by  them  or  by  some  other  glan- 
dular organs,  which  become  unnaturally  active,  and  more  or  less 
perfectly  supply  its  place  after  its  complete  removal. 
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THE  BLOOD. 


The  blood,  as  it  exists  in  its  natural  condition,  while  circulating 
in  the  vessels,  is  a  thick  opaque  fluids  varying  in  color  in  different 
parts  of  the  body  from  a  brilliant  scarlet  to  a  dark  purple.  It  has 
a  slightly  alkaline  reaction,  and  a  specific  gravity  of  1055.  It 
is  not,  however,  an  entirely  homogeneous  fluid,  but  is  found  on 
microscopic  examination  to  ponsist,  first,  of  a  nearly  colorless^ 
transparent,  alkaline  fluid,  termed  the  plasma,  containing  water, 
fibrin,  albumen,  salts>  &c.,  in  a  state  of  mutual  solution;  and, 
secondly,  of  a  large  number  of  distinct  cells,  or  corpuscles,  the 
hlood-ghbules,  swimming  freely  in  the  liquid  plasma.  These  glo- 
bules, which  are  so  small  as  not  to  be  distinguished  by  the  naked 
^ye»  by  being  mixed  thus  abundantly  with  the  fluid  plasma,  give 
to  the  entire  mass  of  the  blood  an  opaque  appearance  and  a  uniform 
red  color. 

Blood-globulks. — On  microscopic  examination  it  is  found  that 
the  globules  of  the  blood  are  of  two  kinds,  viz.,  red  and  white ;  of 
these  the  red  are  by  far  the  most  abundant. 

The  red  globules  of  the  blood  present,  under  the  microscope,  a 
perfectly  circular  outline  and  a  smooth  exterior.  (Fig.  54.)  Their 
size  varies  somewhat,  in  human  blood,  even  in  the  same  specimen. 
The  greater  number  of  them  have  a  transverse  diameter  of  ^u'^q  of 
an  inch ;  but  there  are  many  smaller  ones  to  be  seen,  which  are 
not  more  than  ,jVv  or  ^ven  ^^jVt  o(  an  inch  in  diameter.  Their 
form  is  that  of  a  spheroid,  very  much  flattened  on  its  opposite 
surfaces,  somewhat  like  a  round  biscuit,  or  a  thick  piece  of  money 
with  rounded  edges.  The  blood-globule  accordingly,  when  seen 
flatwise,  presents  a  comparatively  broad  surface  and  a  circular  out- 
line (a);  but  if  it  be  made  to  roll  over,  it  will  present  itself  edge- 
wise during  its  rotation  and  assume  the  flattened  form  indicated  at 
b.    The  thickness  of  the  globule,  seen  in  this  position,  is  about 
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Men  flatwiM.  b.  fied  flobales,  Men  edgewUe.  e. 
White  globule. 


re  Hit  of  an  inch,  or  a  little  less  than  one-fifth  of  its  transverse 
diameter. 

When  the  globules  are  examined  lying  upon  their  broad  sur- 
faceS;  it  can  be  seen  that  these  surfaces  are  not  exactly  flat^  but  that 

there  is  on  each  side  a  slight 
^'     '  central  depression,  so  that 

the  rounded  edges  of  the 
blood-globule  are  evidently 
thicker  than  its  middle  por- 
tion. This  inequality  pro- 
duces a  remarkable  optical 
effect.  The  substance  of 
which  the  blood-globule  is 
composed  refracts  light  more 
strongly  than  the  fluid  plas- 
ma. Therefore,  when  exa- 
mined with  the  microscope, 
by  transmitted  lights  the 
thick  edges  of  the  globules 
act  as  double  convex  lenses, 
and  concentrate  the  light 
above  the  level  of  the  fluid.  Consequently,  if  the  object-glass  be 
carried  upward  by  the  adjusting  screw  of  the  microscope,  and  lifted 

away  from  the  stage,  so  that 
FJg-  55.  the  blood-globules  fall  be- 

yond its  focusy  their  edges 
will  appear  brighter.  But 
the  central  portion  of  each 
globule,  being  excavated  on 
both  sides,  acts  as  a  double 
concave  lens,  and  disperses 
the  light  from  a  point  below 
the  level  of  the  fluid.  It, 
therefore,  grows  brighter  as 
the  object-glass  is  carried 
downward,  and  the  object 
falls  within  its  focus.  An 
alternating  appearance  of  the 
blood-globules  may,  there- 
fore, be  produced  by  view- 
ing them  ^rst  beyond  and  then  within  the  focus  of  the  instrument. 


Rbd    Olobulbs  of   thb  Blood,  aeen  *  UUle 
beyond  the  focaa  of  the  miorovcope. 
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When  beyond  the  focus,  the  globules  will  be  seen  with  a  bright 
rim  and  a  dark  centre.  (Fig.  55.)  When  within  it  they  will  appear 
with  a  dark  rim  and  a  bright  „,    ^^ 

riff.  66. 

centre.  (Fig.  56.)  * 

The  blood-globules  accord- 
ingly have  the  form  of  a 
thickened  disk  with  rounded 
edges  and  a  double  central 
excavation.  They  have,  con- 
sequently, been  sometimes 
called  "  blood-disks,"  instead 
of  blood-globules.  The  term 
'  disk,"  however,  does  not  in- 
dicate their  exact  shape,  any 
more  than  the  other;  and 
the  term  "blood-corpuscle," 
which  is  also  sometimes  used, 
does  not  indicate  it  at  all. 
And  although  the  term  "blood-globule"  may  not  be  precisely  a 
correct  one,  still  it  is  the  most  convenient ;  and  need  not  give  rise 
to  any  confusion,  if  we  remember  the  real  shape  of  the  bodies  de- 
signated by  it.  This  term  will,  consequently,  be  employed  when- 
ever we  have  occasion  to 

speak  of  the  blood-globulcs  ^^^'  ^''• 

in  the  following  pages. 

Within  a  minute  after  being 
placed  under  the  microscope, 
the  blood-globules,  after  a 
fluctuating  movement  of 
short  duration,  very  often 
arrange  themselves  in  slight- 
ly curved  rows  or  chains,  in 
which  they  adhere  to  each 
other  by  their  flat  surfaces, 
presenting  an  appearance 
which  has  been  aptly  com- 
pared with  that  of  rolls  of 
coin.  This  is  probably  ow- 
ing merely  to  the  coagulation 

of  the  blood,  which  takes  place  very  rapidly  when  it  is  spread  out 
in  thin  layers  and  in  contact  with  glass  surfaces ;  and  which,  by 


BLOOB-QLOBULBa  adhering  together,  like  roll* 
of  coin. 
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compressing  the  globules^  forces  them  into  such  a  position  that  they 
may  occupy  the  least  possible  space.  This  position  is  evidently 
that  in  which  they  are  applied  to  each  other  by  their  flat  surfaces, 
as  above  described. 

The  color  of  the  blood-globules,  when  viewed  by  transmitted 
light  and  spread  out  in  a  thin  layer,  is  a  light  amber  or  pale  yellow. 
It  is,  on  the  contrary,  deep  red  when  they  are  seen  by  reflected 
light,  or  piled  together  in  comparatively  thick  layers.  When  viewed 
singly,  they  are  so  transparent  that  the  outlines  of  those  lying  under- 
neath can  be  easily  seen,  showing  through  the  substance  of  the 
superjacent  globules.  Their  consistency  is  peculiar.  They  are  not 
solid  bodies,  as  they  have  been  sometimes  inadvertently  described ; 
but  on  the  contrary  have  a  consistency  which  is  very  nearly  fluid. 
They  are  in  consequence  exceedingly  flexible,  and  easily  elongated, 
bent,  or  otherwise  distorted  by  accidental  pressure,  or  in  passing 
through  the  narrow  currents  of  fluid  which  often  establish  them- 
selves accidentally  in  a  d^op  of  blood  under  microscopic  examina- 
tion. This  distortion,  however,  is  only  temporary,  and  the  globules 
regain  their  original  shape,  as  soon  as  the  accidental  pressure  is 
taken  ofi:V  The  peculiar  flexibility  and  elasticity  thus  noticed  are 
characteristic  of  the  red  globules  of  the  blood,  and  may  always 
serve  to  distinguish  them  from  any  other  free  cells  which  may  be 
found  in  the  animal  tissues  or  fluids. 
\  In  structure  the  blood-globules  are  homogeneous.  They  have 
been  sometimes  erroneously  described  as  consisting  of  a  closed 
vesicle  or  cell-wall,  containing  in  its  cavity  some  fluid  or  semi-fluid 
substance  of  a  different  character  from  that  composing  the  wall  of 
the  vesicle  itselt  No  such  structure,  however,  is  really  to  be  seen 
in  them.  Each  blood-globule  consists  of  a  mass  of  organized  ani- 
mal substance,  perfectly  or  nearly  homogeneous  in  appearance,  and 
of  the  same  color,  consistency  and  composition  throughout.  In 
some  of  the  lower  animals  (birds,  reptiles,  fish)  it  contains  also  a 
granular  nucleus,  imbedded  in  the  substance  of  the  globule ;  but 
in  no  instance  is  there  any  distinction  to  be  made  out  between  an 
external  cell-wall  and  an  internal  cavity. 

The  appearance  of  the  blood-globules  is  altered  by  the  addition 
of  various  foreign  substances.  If  water  be  added,  so  as  to  dilute 
the  plasma,  the  globules  absorb  it  by  imbibition,  swell,  lose  their 
double  central  concavity  and  become  paler.  If  a  larger  quantity 
of  water  be  added,  they  finally  dissolve  and  disappear  altogether. 
When  a.  moderate  quantity  of  water  is  mixed  with  the  blood,  the 
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Bi.ooD-QLOBUi.B8,  swollea  by  the  imbibltioB  of 
water. 


edges  of  the  globules^  being  thicker  than  the  central  portions,  and 
abscNrbing  water  more  abundantly,  become  turgid,  and  encroach 
gradually  upon  the  central 
part    (Fig.  58.)    It  is  very  ^^B-  ^^ 

common  to  see  the  central 
depression  under  these  cir- 
cumstances, disappear  on  one 
side  before  it  is  lost  on  the 
other,  so  that  the  globule,  as 
it  swells  up,  curls  over  to- 
wards one  side^  and  assumes 
a  peculiar  cup-shaped  form 
(a).  This  form  may  often  be 
seen  in  blood-globules  that 
have  been  soaking  for  some 
time  in  the  urine,  or  in  any 
other  animal  fluid  of  a  less 
density  than  the  plasma  of 
the  blood.    Dilute  acetic  acid 

dissolves  the  blood-globules  more  promptly  than  water,  and  solu- 
tions of  the  caustic  alkalies  more  promptly  still. 

If  a  drop  of  blood  be  allowed  partially  to  evaporate  while  under 
the  microscope,  the  globules 
near  the  edges  of  the  prepa-  ^^^'  ^^' 

ration  often  diminish  in  size, 
and  at  the  same  time  present 
a  shrunken  and  crenated  ap- 
pearance, as  if  minute  gran- 
ules were  projecting  from 
their  surfaces  (Fig.  59);  an 
effect  apparently  produced 
by  the  evaporation  of  part 
of  their  watery  ingredients. 
For  some  unexplained  rea- 
son, however,  a  similar  dis- 
tortion is  often  produced  in 
some  of  the  globules  by  the 
addition  of  certain  other  ani- 
mal fluids,  as  for  example  the 

saliva;    and  a  few  can  even  be  seen  in  this  condition  after  the 
addition  of  pure  water. 


Bi.ooD-OLOBD  LBii,  shniukeo,  with  their  mar^'ins 
crenated. 


218  THJK   BLOOD« 

The  entire  mass  of  the  blood-globules^  in  proportion  to  the  rest 
of  the  circulating  fluids  can  only  be  approxiinatelj  measured  by 
the  eye  in  a  microscopic  examination.  In  ordinary  analyses  the 
globules  are  usually  estimated  as  amounting  to  about  fifteen  per 
cent^  by  weight,  of  the  entire  blood.  This  estimate,  however,  refers, 
properly  speaking,  not  to  the  globules  themselves,  but  only  to  their 
dry  residue,  after  the  water  which  they  contain  has  been  lose  by 
evaporation.  It  is  easily  seen,  by  examination  with  the  microscope, 
that  the  globules,  in  their  natural  semi-fluid  condition,  are  really 

I  much  more  abundant  than  this,  and  constitute  fully  one-half  the 
entire  mass  of  the  blood;  that  is,  the  intercellular  fluid,  or  plasma,  is 
not  more  abundant  than  the  globules  themselves  which  are  sus- 

/  pended  in  it.  When  separated  from  the  other  ingredients  of  the 
blood  and  examined  by  themselves,  the  globules  are  found,  ac- 
cording to  Lehmann,  to  present  the  following  composition : — 

CoMPOsnioH  OF  THE  Blood-Globulis  ih  1000  Pabts. 

Water 688.00 

Olobaline 282.22 

H»matiDe     .•••.. 16.75 

Fatty  sabstanoes 2.31 

Undetermined  (extractive)  matters 2.60 

Chloride  of  sodium 

**  potaseiam   ...••••. 

Phoephates  of  soda  and  potas&a 

Sulphate  "  " 

Phosphate  of  lime 

M         (<  magnesia 


8.12 


1000.00 


The  most  important  of  these  ingredients  is  the  fflobuUne.  This 
is  an  organic  substance,  nearly  fluid  in  its  natural  condition  by 
union  with  water,  and  constituting  the  greater  part  of  the  mass  of 
the  blood- globules.  It  is  soluble  in  water,  but  insoluble  in  the 
plasma  of  the  blood,  owing  to  the  presence  in  that  fluid  of  albumen 
and  saline  matters.  If  the  blood  be  largely  diluted,  however,  the 
globuline  is  dissolved,  as  already  mentioned,  and  the  blood-globules 
are  destroyed.  Globuline  coagulates  by  heat;  but,  according  to 
Bobin  and  Verdeil,  only  becomes  opalescent  at  160°,  and  requires 
for  its  complete  coagulation  a  temperature  of  200®  F. 

The  heematine  is  the  coloring  matter  of  the  globules.  It  is,  like 
globuline,  an  organic  substance,  but  is  present  in  much  smaller  quan- 
tity than  the  latter.    It  is  not  contained  in  the  form  of  a  powder. 
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mechanically  deposited  in  the  globnline,  but  the  two  substances  are 
intimately  mingled  throughout  the  mass  of  the  blood-globule,  just 
us  the  fibrin  and  albumen  are  mingled  in  the  plasma.  Haematine 
contains^  like  the  other  coloring  matters,  a  small  proportion  of  iron. 
This  iron  has  been  supposed  to  exist  under  the  form  of  an  oxide ; 
and  to  contribute  directly  in  this  way  to  the  red  color  of  the  sub- 
stance in  question.  But  it  is  now  ascertained  that  although  the 
iron  is  found  in  an  oxidized  form  in  the  ashes  of  the  blood-globules 
after  they  have  been  destroyed  by  heat,  its  oxidation  probably  takes 
place  during  the  process  of  incineration.  So  far  as  we  know,  there- 
fore, the  iron  exists  originally  in  the  haematine  as  an  ultimate 
element,  directly  combined  with  the  other  ingredients  of  this  sub- 
stance, in  the  same  manner  as  the  carbon,  the  hydrogen,  or  the 
nitrogen. 

The  blood-globules  of  all  the  warm-blooded  quadrupeds,  with 
the  exception  of  the  family  of  the  camelidaQ,  resemble  those  of  the 
human  species  in  shape  and  structure.  They  differ,  however,  some- 
what in  size,  being  usually  rather  smaller  than  in  man.  There  are 
but  two  species  in  which  they  are  known  to  be  larger  than  in  man, 
viz.,  the  Indian  elephant,  in  which  they  are  j^oxy  of  an  inch,  and 
the  two-toed  sloth  {Bradypus  didactylus),  in  which  they  are  jsVir  of 
an  inch  in  diameter.  In  the  musk  deer  of  Java  they  are  smaller 
than  in  any  other  known  species,  measuring  rather  less  than  .73  vvv 
of  an  inch.  The  following  is  a  list  showing  the  size  of  the  red 
globules  of  the  blood  in  the  principal  mammalian  species,  taken 
from  the  measurement  of  Mr.  Gulliver.^ 


Diameter 

OP 

Red  Globules  in  the 

Ape 

5fi(f (jof  an  inch. 

Cat      . 

Horse  • 

is'ffir 

(t 

Fox     . 

Ox       • 

«*ffj 

<i 

Wolf  . 

Sheep  . 

lAf 

(i 

Elephant     . 

Goat    • 

rVffff 

II 

Red  deer     . 

I>og     . 

yj'ffir 

u 

Musk  deer  . 

n'ffoo^ 

an  inch. 

lAv 

(1 

su'jyj 

II 

iVffif 

II 

ro'dv 

II 

Txiirir 

II 

In  all  these  instances  the  form  and  general  appearance  of  the 
globules  are  the  same.  The  only  exception  \o  this  rule  among  the 
mammalians  is  in  the  family  of  the  camelidaa  (camel,  dromedary, 
lama),  in  which  the  globules  present  an  oval  outline  instead  of  a 
circular  one.    In  other  respects  they  resemble  the  foregoing. 

In  the  three  remaining  classes  of  vertebrate  animals,  viz.,  birds. 


>  In  Works  of  William  Hewson,  SyJenham  edition,  London,  1846,  p.  327. 
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reptiles,  and  nsh,  the  blood-globules  differ  so  much  from  the  above 
that  they  can  be  readily  distinguished  by  microscopio  examination. 
They  are  oval  in  form^  and  contain  a  colorless  granular  nucleus 
imbedded  in  their  substance.  They  are  also  considerably  larger 
than  the  blood-globules  of  the  mammalians,  particularly  in  the 

class  of  reptiles.    In  the  frog 
Fig-  60.  (Fig.  60)  they  measure  x^'oir 

of  an  inch  in  their  long 
diameter;  and  in  Menobran- 
chtis,  the  great  water  lizard 
of  the  northern  lakes,  j^jg  of 
an  inch.  In  Proteus  angui- 
nu8  they  attain  the  size,  ac- 
cording to  Dr.  Carpenter,*  of 
1^7  of  an  inch. 

Beside  the  corpuscles  de- 
scribed above,  there  are  glo- 
bules of  another  kind  found 
in  the  blood,  viz.,  the  white 
globules.  These  globules  are 
very  much  less  numerous 
than  the  red ;  the  proportion 
between  the  two,  in  human  blood,  being  one  white  to  two  or  three 
hundred  red  globules.  In  reptiles,  the  relative  quantity  of  the 
white  globules  is  greater,  but  they  are  always  considerably  less 
abundant  than  the  red.  They  differ  also  from  the  latter  in  shape, 
size,  color,  and  consistency.  They  are  globular  in  form,  white  or 
colorless,  and  instead  of  being  homogeneous  like  the  others,  their 
substance  is  filled  everywhere  with  minute  dark  molecules,  which 
give  them  a  finely  granular  appearance.  (Fig.  54,  c.)  In  size  they 
are  considerably  larger  than  the  red  globules,  being  about  j^Vtt  ^f 
an  inch  in  diameter.  They  are  also  more  consistent  than  the  others, 
and  do  not  so  easily  glide  along  in  the  minute  currents  of  a  drop  of 
blood  under  examination,  but  adhere  readily  to  the  surfaces  of  the 
glass.  If  treated  with  dilute  acetic  acid,  they  swell  up  and  become 
smooth  and  circular  in  outline ;  and  at  the  same  time  a  separation 
or  partial  coagulation  seems  to  take  place  in  the  substance  of  which 
they  are  composed,  so  that  an  irregular  collection  of  granular 
matter  shows  itself  in  their  interior,  becoming  more  divided  and 


Blood-qlobulhs  op  Froo. 
•een  edgewise,    b.  White-globale. 


Blood'globale 


*  The  Microsoope  and  its  Rerelaiions,  Philadelphia  edition,  p.  600. 
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broken  up  as  the  action  of  the  acetic  acid  upon  the  globule  is 
longer  continued.  (Fig.  61.)  This  collection  of  granular  matter 
often  assumes  a  curved  or  crescentic  form,  as  at  a,  and  sometimes 
yarious  other  irregular  shapes.  It  does  not  indicate  the  existence 
of  a  nucleus  in  the  white  globule,  but  it  is  merely  an  appearance 
produced  by  the  coagulating 
and  disintegrating  action  of  ^>R-  ^^* 

acetic  acid  upon  the  substance 
of  which  it  is  composed. 

The  chemical  constitution 
of  the  white  globules,  as 
distinguished  from  the  red, 
has  never  been  determined ; 
owing  to  the  small  quantity 
in  which  they  occur,  and  the 
difficulty  of  separating  them 
from  the  others  for  purposes 
of  analysis. 

The  two  kinds  of  blood- 
globules,  white  and  red,  are 
to  be  regarded  as  distinct 
and  independent  anatomical 
forms.  It  has  been  sometimes  supposed  that  the  white  globules 
were  converted,  by  a  gradual  transformation,  into  the  red.  There 
is,  however,  no  direct  evidence  of  this ;  as  the  transformation  has 
never  been  seen  to  take  place,  either  in  the  human  subject  or  in 
the  mammalia,  nor  even  its  intermediate  stages  satisfactorily  ob- 
served. When,  therefore,  in  default  of  any  such  direct  evidence; 
we  are  reduced  to  the  surmise  which  has  been  adopted  by  some 
authors,  viz.,  that  the  change  "  takes  place  too  rapidly  to  be  de- 
tected by  our  means  of  observation,"'  it  must  be  acknowledged 
that  the  above  opinion  has  no  solid  foundation.  It  has  been  stated 
by  some  authors  (KoUiker,  Gerlach)  that  in  the  blood  of  the 
batrachian  reptiles  there  are  to  be  seen  certain  bodies  intermediate 
in  appearance  between  the  white  and  the  red  globules,  and  which 
represent  different  stages  of  transition  from  one  form  to  the  other ; 
but  this  is  not  a  fact  which  is  generally  acknowledged.  We  have 
repeatedly  examined,  with  reference  to  this  point,  the  fresh  blood 
of  the  frog,  as  well  as  that  of  the  menobranchus,  in  which  the  large 


Whitk  Olobulbs  op  thb  Blood;  altered  hj 
dilute  Acelie  Acid. 


'  Kulliker,  Handbach  der  Gewebvlehre,  Leipzig,  1852,  p.  582. 
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size  of  the  globules  would  give  every  opportunity  for  detecting  any 
such  changes,  did  they  really  exist ;  and  it  is  our  unavoidable  con- 
clusion from  these  observations,  that  there  is  no  good  evidence^  even 
in  the  blood  of  reptiles,  of  any  such  transformation  taking  place. 
There  is  simply,  as  in  human  blood,  a  certain  variation  in  size  and 
opacity  among  the  red  globules ;  but  no  such  connection  with,  or 
resemblance  to,  the  white  globules  as  to  indicate  a  passage  from  one 
form  to  the  other.  The  red  and  white  globules  are  therefore  to  be 
regarded  as  distinct  and  independent  anatomical  elements.  They 
are  mingled  together  in  the  blood,  just  as  capillary  bloodvessels  and 
nerves  are  mingled  in  areolar  tissue ;  but  there  is  no  other  connection 
between  them,  so  far  as  their  formation  is  concerned,  than  that  of 
juxtaposition. 

Neither  is  it  at  all  probable  that  the  red  globules  are  produced  or 
destroyed  in  any  particular  part  of  the  body.  One  ground  for  the 
belief  that  these  bodies  were  produced  by  a  metamorphosis  of  the 
white  globules  was  a  supposition  that  they  were  continually  and 
rapidly  destroyed  somewhere  in  the  circulation ;  and  as  this  loss 
must  be  as  rapidly  counterbalanced  by  the  formation  of  new  glo- 
bules, and  as  no  other  probable  source  of  their  reproduction  ap- 
peared, they  were  supposed  to  be  produced  by  transformation  of 
the  white  globules.  But  there  is  no  reason  for  believing  that  the 
red  globules  of  the  blood  are  any  less  permanent,  as  anatomical 
forms,  than  the  muscular  fibres  or  the  nervous  filaments.  They 
undergo,  it  is  true,  like  all  the  constituent  parts  of  the  body,  a 
constant  interstitial  metamorphosis.  They  absorb  incessantly  nu- 
tritious materials  from  the  blood,  and  give  up  to  the  circulating 
fluid,  at  the  same  time,  other  substances  which  result  from  their 
internal  waste  and  disintegration.  But  they  do  not,  so  &r  as  we 
know,  perish  bodily  in  any  part  of  the  circulation.  It  is  not  the 
ancUomical  forrMf  anywhere,  which  undergo  destruction  and  reno- 
vation in  the  nutritive  process ;  but  only  the  proximate  principles  of 
which  they  are  composed*  The  eflect  of  this  interstitial  nutrition, 
therefore,  in  the  blood'-globules  as  in  the  various  solid  tissues,  is 
merely  to  maintain  them  in  a  natural  and  healthy  condition  of 
integrity.  Their  ingredients  are  incessantly  altered,  by  transforma- 
tion and  decomposition,  as  they  pass  through  various  parts  of  the 
vascular  system;  but  the  globules  themselves  retain  their  form 
and  texture^  and  still  remain  as  constituent  parts  of  the  circulating 
fluid. 


Plasiu. — ^Tbe  platfoa  of  the  blood,  according  to  liehinitim,  has 
the  following  oonatitutioD  :— 

CoMtantaa  ov  rna  Plasma  d  1,000  ru 
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The  above  ingredients  are  all  intimately  mingled  in  the  blood- 
plasma,  in  a  fiuid  form,  by  mutaal  solution ;  but  they  may  be  sepa- 
rated from  each  other  for  examination  by  appropriate  means.  The 
two  ingrediente  belonging  to  the  class  of  organic  substances  are  the 
fibrin  and  the  albumen. 

The  yiftn'n,  though  present  in  small  quantity,  is  evidently  an  im- 
portant element  in  the  ooDstitution  of  the  blood.  It  may  be  ob- 
tained in  a  tolerably  pure  form  by  gently  stirring  freshly  dravi-n 
blood  with  a  glass  rod  or  a  bundle  of  twigs ;  upon  which  the  fibrin 
coagulates,  and  adheres  to  the  twigs  in  the  form  of  slender  threads 
and  Rakes.  The  fibrin,  thus  coagulated,  is  at  first  colored  red  by 
the  hsamatine  of  the  blood-globules  entangled  in  it ;  but  it  may  be 
washed  colorless  by  a  few  hours'  soaking  in  running  water.  The 
fibrin    then    presents   itself 


under  the  form  of  nearly 
white  threads  and  flakes, 
having  a  semi-solid  consist- 
ency, and  a  considerable  de- 
gree of  elasticity. 

The  coagulation  of  fibrin 
takes  place  in  a  peculiar 
manner.  It  does  not  solidify 
in  a  perfectly  homogeneous 
mass;  but  if  examined  by  the 
microscope  in  thin  layers  it 
is  seen  to  have  a  fibroid  or 
filamentous  texture.  In  this 
condition  it  is  said  to  be 
"fibrillated."(Fig.62.)  The   iw«t'""'""'' 


Fig.  62. 
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filaments  of  which  it  is  composed  are  colorless  and  elastic,  and  when 
isolated  are  seen  to  be  exceedingly  minute,  being  not  more  than 
iTslxiii  or  even  y^iiy^  of  an  inch  in  diameter.  They  are  in  part 
arranged  so  as  to  lie  parallel  with  each  other ;  but  are  more  gene- 
rally interlaced  in  a  kind  of  irregular  network,  crossing  each  other 
in  every  direction.  On  the  addition  of  dilute  acetic  acid,  they  swell 
up  and  fuse  together  into  a  homogeneous  m'ass,  but  do  not  dissolve. 
They  are  often  interspersed  everywhere  with  minute  granular  mole- 
cules, which  render  their  outlines  more  or  less  obscure. 

Once  coagulated,  fibrin  is  insoluble  in  water  and  can  only  be 
again  liquefied  by  the  action  of  an  alkaline  or  strongly  saline  solu- 
tion, or  by  prolonged  boiling  at  a  very  high  temperature.  These 
agents,  however,  produce  a  complete  alteration  in  the  properties  of 
the  fibrin,  and  after  being  subjected  to  them  it  is  no  longer  the 
same  substance  as  before. 

The  quantity  of  fibrin  in  the  blood  varies  in  different  parts  of  the 
body.  According  to  the  observations  of  various  writers,'  there  is 
more  fibrin  generally  in  arterial  than  in  venous  blood.  The  blood 
of  the  veins  near  the  heart,  again,  contains  a  smaller  proportion  of 
fibrin  than  those  at  a  distance.  The  blood  of  the  portal  vein  con- 
tains less  than  that  of  the  jugular ;  and  that  of  the  hepatic  vein  less 
than  that  of  the  portal. 

The  albumen  is  undoubtedly  the  most  important  ingredient  of  the 
plasma,  judging  both  from  its  nature  and  the  abundance  in  which 
it  occurs.  It  coagulates  at  once  on  being  heated  to  160®  F.,  or  by 
contact  with  alcohol,  the  mineral  acids,  the  metallic  salts,  or  with 
ferrocyanide  of  potassium  in  an  acidulated  solution.  It  exists  natu- 
rally in  the  plasma  in  a  fluid  form  by  reason  of  its  union  with 
water.  The  greater  part  of  the  water  of  the  plasma,  in  fact,  is  in 
union  with  the  albumen ;  and  when  the  albumen  coagulates^  the 
water  remains  united  with  it,  and  assumes  at  the  same  time  the 
solid  form.  If  the  plasma  of  the  blood,  therefore,  b&gt  the  removal 
of  the  fibrin,  be  exposed  to  the  temperature  of  160®  F.,  it  solidifies 
almost  completely ;  so  that  only  a  few  drops  of  water  remain  that 
can  be  drained  away  from  the  coagulated  mass.  The  phosphates 
of  lime  and  magnesia  are  also  held  in  solution  principally  by  the 
albumen,  and  are  retained  by  it  in  coagulation. 

The  fatty  matters  exist  in  the  blood  mostly  in  a  saponified  form, 
excepting  soon  after  the  digestion  of  food  rich  in  fat.  At  that 
period,  as  we  have  already  mentioned,  the  emulsioned  fat  finds  its 

Eobiu  and  Verdeil,  op.  cit.,  vol.  ii.  p.  202. 
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way  into  the  blood,  and  circulates  for  a  time  nncnanged.  After- 
ward it  disappears  as  free  fat,  and  remains  partly  in  the  saponified 
condition. 

The  BaUne  ingredients  of  the  plasma  are  of  the  same  nature  with 
those  existing  in  the  globules.    The  chlorides  of  sodium  and  potas- 
sium, and  the  phosphates  of  soda  and  potassa  are  the  most  abundant 
in  bothy  while  the  sulphates  are  present  only  in  minute  quantity.  ' 
The  proportions  iu  which  the  various  salts  are  present  are  very  dif-  ' 
ferent,  according  to  Lehmann/  in  the  blood-globules  and  in  the  ■ 
plasma.    Chloride  of  potassium  is  most  abundant  in  the  globules, 
chloride  of  sodium  in  the  plasma.    The  phosphates  of  soda  and  i 
potassa  are  more  abundant  in  the  globules  than  in  the  plasma.    On  / 
the  other  hand,  the  phosphates  of  lime  and  magnesia  are  more  ' 
abundant  in  the  plasma  than  in  the  globules. 

The  substances  known  under  the  name  otextracuve  matters  consist 
of  a  mixture  of  diflferent  ingredients,  belonging  mostly  to  the  class 
of  organic  substances,  which  have  not  yet  been  separated  in  a  state 
of  sufficient  purity  to  admit  of  their  being  thoroughly  examined 
and  distinguished  from  each  other.  They  do  not  exist  in  great 
abundance,  but  are  undoubtedly  of  considerable  importance  in  the 
constitution  of  the  blood.  Beside  the  substances  enumerated  in  the 
above  list,  there  are  still  others  which  occur  in  small  quantity  as 
ingredients  of  the  blood.  Among  the  most  important  are  the  alka- 
line carbonates,  which  are  held  in  solution  in  the  serum.  It  has 
already  been  mentioned  that  while  the  phosphates  are  most  abun- 
dant in  the  blood  of  the  caroivora,  the  carbonates  are  most  abun- 
dant in  that  of  the  herbivora.  Thus  Lehmann'  found  carbonate  of 
soda  in  the  blood  of  the  ox  in  the  proportion  of  1.628  per  thousand 
parts.  There  are  also  to  be  found,  in  solution  in  the  blood,  urea, 
urate  of  soda,  creatine,  creatinine,  sugar,  &c. ;  all  of  them  crystalliza- 
ble  substances  derived  from  the  transformation  of  other  ingredients 
of  the  blood,  or  of  the  tissues  through  which  it  circulates.  The 
relative  quantity,  however,  of  these  substances  is  very  minute,  and 
has  not  yet  been  determined  with  precision. 

Coagulation  op  the  Blood. — A  few  moments  after  the  blood 
has  been  withdrawn  from  the  vessels,  a  remarkable  phenomenon 
presents  itself,  viz.,  its  coagulation  or  clotting.  This  process  com- 
mences at  nearly  the  same  time  throughout  the  whole  mass  of  the 
blood.    The  blood  becomes  first  somewhat  diminished  in  fluidity, 

•  Op.  cit.,  vol.  I.  p.  546.  '  Op.  cit.,  vol.  i.  p.  393. 
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BO  that  it  will  not  run  over  tlie  edge  of  the  vessel,  when  slightly 
inclined ;  and  its  aurt'uce  may  be  gently  depressed  with  the  end  of 
the  finger  or  a  glass  rod.  It  then  becomes  rapidly  thicker,  and  at 
last  solidifies  into  a  uniformly  red,  opaque,  consistent,  gelatinous 
mass,  which  takes  the  form  of  the  vessel  in  which  the  blood  w 
received.  Its  coagulation  is  then  complete.  The  process  usually 
commences,  in  the  case  of  the  human  subject,  in  about  fifteen  min- 
utes after  the  blood  has  been  drawn,  and  ia  completed  in  aboat 
twenty  minutes. 

The  coagulation  of  the  blood  is  dependent  entirely  upon  tho 
presence  of  the  fibrin.  This  fact  has  been  demonstrated  in  various 
I  ways.  In  the  first  place,  if  frog's  blood  be  filtered,  so  as  to  separate. 
the  globules  and  leave  them  upon  the  filter,  while  the  plasma 
allowed  to  run  through,  the  colorless  filtered  fluid  which  contah 
the  fibrin  soon  coagulates ;  while  no  coagulation  takes  place  in  tha 
moist  globules  remaining  on  the  filter.  Again,  if  the  freshly  drawn 
blood  be  stirred  with  a  bundle  of  rods,  as  we  have  already  de- 
scribed above,  the  fibrin  coagulates  upon  them  by  itself,  while  the 
rest  of  the  plasma,  mixed  with  the  globules,  remains  perfectly  fiuidji. 
It  is  the  fibrin,  therefore,  which,  by  its  own  coagulation,  induceet 
the  solidification  of  the  entire  blood.  As  the  fibrin  ia  uniformly 
distributed  throughout  the  blood,  when  its  coagulation  takes  place 
the  minute  filaments  which  make  their  appearance  in  it  entangle 
in  their  meshes  the  globules  and  tho  albuminous  fluids  of  tha 
plasma.  A  very  small  quantity  of  fibrin,  therefore,  is  sufficient 
entangle  by  its  coagulation  all  the  fluid  and  semi-fluid  parts  of  thi 
blood,  and  convert  the  whole  into  a  volumi-. 
nous,  trembling,  jelly-like  mass,  which 
known  by  the  name  of  the  "  crassamentun 
or  "clot."  (Fig.  63.) 

As  soon  as  the  clot  has  fairly  formed, 
begins  to  contract  and  diminish  in  size.     E; 
actiy  how  this  contraction  of  the  clot  is  pi 
duced,  we  are  unable  to  say;  but  it  is  prol 
bly  a  continuation  of  the  same  process  b^" 
Bnwi  or  mreniij  cu'ou.    whichitssolidificationisatfirst accomplished, 
LiiKB  Bi.ri.'B.thnwiiif  ihe    ^j.  ^^^  least  OHB  vcry  similar  to  it.     As  the 
flsd  contraction  proceeds,  the  albuminous  fluids 

begin  to  be  pressed  out  from  the  meshes  in 
which  they  were  entangled.  A  few  isolated  drops  first  appear  on 
the  surface  of  the  clot.     These  drops  soon  increase  in  size  and  be- 
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ocmie  mora  numerous.  They  ran  together  and  co&lesoe  wit}i  e&cli 
other,  Bg  more  and  more  fluid  exudea  ftom  the  coagulated  maes, 
OBtil  the  vhole  snr&ce  of  the  clot  is  covered  with  a  thin  layer  of 
fluid.  The  clot  at  first  adheres  pretty  strongly  to  the  sides  of  the 
Teasel  into  vhioh  the  blood  vas  drawn ;  but  as  its  contraotioD  goes 
on,  its  edges  are  separated,  and  the  fluid  continues  to  exude  between 
it  and  the  sides  of  the  vessel.  This  exudation 
continaes  for  ten  or  twelve  hours ;  the  clot  mg.  64 

growing  constantly  smaller  and  firmer,  and 
the  expressed  finid  more  and  more  abundant. 

The  globules,  owing  to  their  greater  con- 
oistency,  do  not  escape  with  the  albuminous 
fluids,  but  remain  entangled  in  the  fibrinous 
ooagulum.     Finally,   at  the  end  of  ten    or 
twelve   hours  the  whole  of  the   blood  has 
luually  separated  into  two  parts,  viz.,  the  clot 
which  is  a  red,  opaque,  dense  and  resisting  B'ono,  «fi.[  iw.it«  honn; 
semi-solid  mass,  consisting  of  the  fibrin  and  ■DdiuiUPiiathaanidHniD, 
the  blood-globules ;  andthe««-uTn,  which  isa 
transparent,  nearly  colorless  fluid,  containing  the  water,  albumen 
and  saline  matters  of  the  plasma.  (Fig.  64.) 

The  change  of  the  blood  in  coagulation  may  therefore  be  ex- 
pressed as  follows : — 

Before  coagulation  the  blood  consists  of 


lat-  QuiBCLca;  and  2d.  Pukxa — conUIuiog 

After  coagulation  it  is  separated  into 
lit.  Cun,  conUining  |  q,^[^°, '"'*    Md  3d.  Sebdw,  oodUIuIi^ 


Fibrin, 
Alba  men. 
Water, 

Salts. 

'  Albamen 
Water, 

Balth 


The  coagulation  of  the  blood  is  hastened  or  retarded  by  various 
physical  conditions,  which  have  been  studied  with  care  by  various 
observers,  but  more  particularly  by  Robin  and  Verdeil.  The  con- 
ditions which  infiuence  the  rapidity  of  coagulation  are  as  follows : 
First,  the  rapidity  with  which  the  blood  ia  drawn  from  the  vein,  t 
and  the  size  of  the  orifice  from  which  it  fiows.  If  blood  be  drawn  | 
rapidly,  in  a  full  stream,  from  a  large  orifice,  it  remains  fluid  for  a 
comparatively  long  time;  if  it  be  drawn  slowly,  from  a  narrow 
orifice,  it  coagulates  quickly.  Thus  it  usually  happens  that  in  the 
operation  of  venesection,  the  blood  drawn  immediately  after  the 
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reptiles,  and  nsh,  the  blood-globules  diSer  so  much  from  the  above 
that  they  can  be  readily  distinguished  by  microscopic  examination. 
They  are  oval  in  form,  and  contain  a  colorless  granular  nucleus 
imbedded  in  their  substance.  They  are  also  considerably  larger 
than  the  blood-globules  of  the  mammalians,  particularly  in  the 

class  of  reptiles.    In  the  frog 
Fig.  60.  (Fig.  60)  they  measure  y^'oir 

of  an  inch  in  their  long 
diameter;  and  in  Menohran- 
chus,  the  great  water  lizard 
of  the  northern  lakes,  j^jf  of 
an  inch.  In  Proteus  angui- 
nus  they  attain  the  size,  ac- 
cording to  Dr.  Carpenter,*  of 
1^7  of  an  inch. 

Beside  the  corpuscles  de- 
scribed above,  there  are  glo- 
bules of  another  kind  found 
in  the  blood,  viz.,  the  white 
globules.  These  globules  are 
very  much  less  numerous 
than  the  red ;  the  proportion 
between  the  two,  in  human  blood,  being  one  white  to  two  or  three 
hundred  red  globules.  In  reptiles,  the  relative  quantity  of  the 
white  globules  is  greater,  but  they  are  always  considerably  less 
abundant  than  the  red.  They  diflFer  also  from  the  latter  in  shape, 
size,  color,  and  consistency.  They  are  globular  in  form,  white  or 
colorless,  and  instead  of  being  homogeneous  like  the  others,  their 
substance  is  filled  everywhere  with  minute  dark  molecules,  which 
give  them  a  finely  granular  appearance.  (Fig.  54,  c.)  In  size  they 
are  considerably  larger  than  the  red  globules,  being  about  j^Vir  of 
an  inch  in  diameter.  They  are  also  more  consistent  than  the  others, 
and  do  not  so  easily  glide  along  in  the  minute  currents  of  a  drop  of 
blood  under  examination,  but  adhere  readily  to  the  surfaces  of  the 
glass.  K  treated  with  dilute  acetic  acid,  they  swell  up  and  become 
smooth  and  circular  in  outline ;  and  at  the  same  time  a  separation 
or  partial  coagulation  seems  to  take  place  in  the  substance  of  which 
they  are  composed,  so  that  an  irregular  collection  of  granular 
matter  shows  itself  in  their  interior,  becoming  more  divided  and 


Blood-globvlks  op  Fboo. 
Men  edgewise,    b.  White-globule. 


Blood-globale 


*  The  Microscope  and  its  ReTelalions,  Philadelphia  edition,  p.  600. 
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broken  up  as  the  action  of  the  acetic  acid  upon  the  globule  is 
longer  continued.  (Fig.  61.)  This  collection  of  granular  matter 
often  assumes  a  curved  or  crescentic  form,  as  at  o^  and  sometimes 
various  other  irregular  shapes.  It  does  not  indicate  the  existence 
of  a  nucleus  in  the  white  globule,  but  it  is  merely  an  appearance 
produced  by  the  coagulating 
and  disintegrating  action  of  ^K-  ^^• 

acetic  acid  upon  the  substance 
of  which  it  is  composed. 

The  chemical  constitution 
of  the  white  globules,  as 
distinguished  from  the  red, 
has  never  been  determined ; 
owing  to  the  small  quantity 
in  which  they  occur,  and  the 
difficulty  of  separating  them 
from  the  others  for  purposes 
of  analysis. 

The  two  kinds  of  blood- 
globules>  white  and  red,  are 
to  be  regarded  as  distinct 
and  independent  anatomical 
forms.  It  has  been  sometimes  supposed  that  the  white  globules 
were  converted,  by  a  gradual  transformation,  into  the  red.  There 
is,  however,  no  direct  evidence  of  this ;  as  the  transformation  has 
never  been  seen  to  take  place,  either  in  the  human  subject  or  in 
the  mammalia,  nor  even  its  intermediate  stages  satisfactorily  ob- 
served. When,  therefore,  in  default  of  any  such  direct  evidence; 
we  are  reduced  to  the  surmise  which  has  been  adopted  by  some 
authors,  viz.,  that  the  change  "  takes  place  too  rapidly  to  be  de- 
tected by  our  means  of  observation,"'  it  must  be  acknowledged 
that  the  above  opinion  has  no  solid  foundation.  It  has  been  stated 
by  some  authors  (Kolliker,  Gerlach)  that  in  the  blood  of  the 
batrachian  reptiles  there  are  to  be  seen  certain  bodies  intermediate 
in  appearance  between  the  white  and  the  red  globules,  and  which 
represent  different  stages  of  transition  from  one  form  to  the  other ; 
but  this  is  not  a  fact  which  is  generally  acknowledged.  We  have 
repeatedly  examined,  with  reference  to  this  point,  the  fresh  blood 
of  the  frog,  as  well  as  that  of  the  menobranchus,  in  which  the  large 


Whttk  Olobulss  op  tbb  Blood;  altered  hj 
dilute  acetie  acid. 
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Bize  of  the  globules  would  give  every  opportunity  for  detecting  any 
such  changes,  did  they  really  exist ;  and  it  is  our  unavoidable  con- 
clusion from  these  observations,  that  there  is  no  good  evidence,  even 
in  the  blood  of  reptiles,  of  any  such  transformation  taking  place. 
There  is  simply,  as  in  human  blood,  a  certain  variation  in  size  and 
opacity  among  the  red  globules ;  but  no  such  connection  with,  or 
resemblance  to,  the  white  globules  as  to  indicate  a  passage  from  one 
form  to  the  other.  The  red  and  white  globules  are  therefore  to  be 
regarded  as  distinct  and  independent  anatomical  elements.  They 
are  mingled  together  in  the  blood,  just  as  capillary  bloodvessels  and 
nerves  are  mingled  in  areolar  tissue ;  but  there  is  no  other  connection 
between  them,  so  far  as  their  formation  is  concerned,  than  that  of 
juxtaposition. 

Neither  is  it  at  all  probable  that  the  red  globules  are  produced  or 
destroyed  in  any  particular  part  of  the  body.  One  ground  for  the 
belief  that  these  bodies  were  produced  by  a  metamorphosis  of  the 
white  globules  was  a  supposition  that  they  were  continually  and 
rapidly  destroyed  somewhere  in  the  circulation ;  and  as  this  loss 
must  be  as  rapidly  counterbalanced  by  the  formation  of  new  glo- 
bules, and  as  no  other  probable  source  of  their  reproduction  ap- 
peared, they  were  supposed  to  be  produced  by  transformation  of 
the  white  globules.  But  there  is  no  reason  for  believing  that  the 
red  globules  of  the  blood  are  any  less  permanent,  as  anatomical 
forms,  than  the  muscular  fibres  or  the  nervous  filaments.  They 
undergo,  it  is  true,  like  all  the  constituent  parts  of  the  body,  a 
constant  interstitial  metamorphosis.  They  absorb  incessantly  nu- 
tritious materials  from  the  blood,  and  give  up  to  the  circulating 
fluid,  at  the  same  time,  other  substances  which  result  from  their 
internal  waste  and  disintegration.  But  they  do  not,  so  &r  as  we 
know,  perish  bodily  in  any  part  of  the  circulation.  It  is  not  the 
ancUomical  formSf  anywhere,  which  undergo  destruction  and  reno- 
vation in  the  nutritive  process ;  but  only  the  proxirruUe  principles  of 
which  they  are  composed.  The  eflect  of  this  interstitial  nutrition, 
therefore,  in  the  blood*globules  as  in  the  various  solid  tissues,  is 
merely  to  maintain  them  in  a  natural  and  healthy  condition  of 
integrity.  Their  ingredients  are  incessantly  altered,  by  transforma- 
tion and  decomposition,  as  they  pass  through  various  parts  of  the 
vascular  system;  but  the  globules  themselves  retain  their  form 
and  texture^  and  still  remain  as  constituent  parts  of  the  circulating 
fluid. 
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Plabiu. — ^Tbe  ph$ma  of  the  blood,  accordiog  to  Lehmaon,  has 
the  following  oouatitutioD : — 

Otrnmrntum  tm  tea  Pusha  »  1,000  mbh. 

W«t« 902.90 

Bbrin 4.08 

AlbvoMD 78.S4 

F«rt7  luttora 1.72 

Dii(let«rmlD«d  (extnctive)  tuUar* 3.94 

Chloride  of  lodinm ■% 

"  poUaiinm j 

Phae[Akt«i  of  widk  aod  potMik  . 
SalpkatM  "  " 

FhiHpfaBtfl  of  lime      •        . 
**  magDMla 

1000.00 

The  above  ingredients  are  all  intimately  mingled  in  the  blood- 
plasma,  in  a  fiuid  form,  by  mutual  solution;  but  they  may  be  sepa- 
rated from  each  otker  for  examination  by  appropriate  means.  The 
two  ingredients  belonging  to  the  class  of  organio  sabstances  are  tbe 
fibrin  and  the  albumen. 

The^fihrin,  though  present  in  small  quantity,  is  evidently  an  im- 
portant element  in  the  constitution  of  the  blood.  It  may  be  ob- 
tained in  a  tolerably  pure  form  by  gently  Btirring  freshly  dran-n 
blood  with  a  glass  rod  or  a  bundle  of  twigs ;  upon  which  the  fibrin 
coagulates,  and  adheres  to  the  twigs  in  tbe  form  of  slender  threads 
and  flakes.  The  fibrin,  thug  coagulated,  is  at  first  colored  red  by 
the  bffimatine  of  the  blood-globulca  entangled  in  it ;  but  it  may  be 
washed  colorless  by  a  few  hours'  soaking  in  running  water.  Tbe 
fibrin   then    presents   itself 

under    the   form  of   nearly  ^'B-  ^ 

white  threads  and  flakes, 
having  a  semi-solid  coDGist- 
ency,  and  a  considerable  de- 
gree of  elasticity. 

The  coagulation  of  fibrin 
takes  place  in  a  peculiar 
manner.  It  does  not  solidify 
in  a  perfectly  homogeneous 
mass;  but  if  examined  by  the 
microscope  in  thin  layers  it 
is  seen  to  have  a  fibroid  or 
filamentous  texture.  In  this 
condition  it  is  said  to  be 
"fibnllated."(Fig.  62.)   The   ^^^^ 
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filaments  of  which  it  is  composed  are  colorless  and  elastic,  and  when 
isolated  are  seen  to  be  exceedingly  minute,  being  not  more  than 
ijslj5ii  ^^  ®ven  sjsijsjs  of  an  inch  in  diameter.  They  are  in  part 
arranged  so  as  to  lie  parallel  with  each  other ;  but  are  more  gene- 
rally interlaced  in  a  kind  of  irregular  network,  crossing  each  other 
in  every  direction.  On  the  addition  of  dilute  acetic  acid,  they  swell 
up  and  fuse  together  into  a  homogeneous  m'ass,  but  do  not  dissolve. 
They  are  often  interspersed  everywhere  with  minute  granular  mole- 
cules, which  render  their  outlines  more  or  less  obscure. 

Once  coagulated,  fibrin  is  insoluble  in  water  and  can  only  be 
again  liquefied  by  the  action  of  an  alkaline  or  strongly  saline  solu- 
tion, or  by  prolonged  boiling  at  a  very  high  temperature.  These 
agents,  however,  produce  a  complete  alteration  in  the  properties  of 
the  fibrin,  and  after  being  subjected  to  them  it  is  no  longer  the 
same  substance  as  before. 

The  quantity  of  fibrin  in  the  blood  varies  in  different  parts  of  the 
body.  According  to  the  observations  of  various  writers,'  there  is 
more  fibrin  generally  in  arterial  than  in  venous  blood.  The  blood 
of  the  veins  near  the  heart,  again,  contains  a  smaller  proportion  of 
fibrin  than  those  at  a  distance.  The  blood  of  the  portal  vein  con- 
tains less  than  that  of  the  jugular ;  and  that  of  the  hepatic  vein  less 
than  that  of  the  portal. 

The  albumen  is  undoubtedly  the  most  important  ingredient  of  the 
plasma,  judging  both  from  its  nature  and  the  abundance  in  which 
it  occurs.  It  coagulates  at  once  on  being  heated  to  160®  F.,  or  by 
contact  with  alcohol,  the  mineral  acids,  the  metallic  salts,  or  with 
ferrocyanide  of  potassium  in  an  acidulated  solution.  It  exists  natu- 
rally in  the  plasma  in  a  fluid  form  by  reason  of  its  union  with 
water.  The  greater  part  of  the  water  of  the  plasma,  in  fact,  is  in 
union  with  the  albumen ;  and  when  the  albumen  coagulates^  the 
water  remains  united  with  it,  and  assumes  at  the  same  time  the 
solid  form.  K  the  plasma  of  the  blood,  therefore,  after  the  removal 
of  the  fibrin,  be  exposed  to  the  temperature  of  160*^  F.,  it  solidifies 
almost  completely ;  so  that  only  a  few  drops  of  water  remain  that 
can  be  drained  away  from  the  coagulated  mass.  The  phosphates 
of  lime  and  magnesia  are  also  held  in  solution  principally  by  the 
albumen,  and  are  retained  by  it  in  coagulation. 

The  fatty  matters  exist  in  the  blood  mostly  in  a  saponified  form, 
excepting  soon  after  the  digestion  of  food  rich  in  fat.  At  that 
period,  as  we  have  already  mentioned,  the  emulsioned  fat  finds  its 

Eobiu  and  Verdeil,  op.  cit.,  vol.  ii.  p.  202. 


COAGULATION  OF  THK  BLOOD.  225 

way  into  the  blood,  and  circulates  for  a  time  nncnanged.  After- 
ward it  disappears  as  free  fat,  and  remains  partly  in  the  saponified 
condition. 

The  saline  ingredients  of  the  plasma  are  of  the  same  nature  with 
those  existing  in  the  globules.  The  chlorides  of  sodium  and  potas- 
sium, and  the  phosphates  of  soda  and  potassa  are  the  most  abundant 
in  both,  while  the  sulphates  are  present  only  in  minute  quantity. 
The  proportions  in  which  the  various  salts  are  present  are  very  dif- 
ferent, according  to  Lehmann,*  in  the  blood-globules  and  in  the 
plasma.  Chloride  of  potassium  is  most  abundant  in  the  globules, 
chloride  of  sodium  in  the  plasma.  The  phosphates  of  soda  and  \ 
potassa  are  more  abundant  in  the  globules  than  in  the  plasma.  On  ' 
the  other  hand,  the  phosphates  of  lime  and  magnesia  are  more 
abundant  in  the  plasma  than  in  the  globules. 

The  substances  known  under  the  name  o(  extractive  matters  consist 
of  a  mixture  of  diflferent  ingredients,  belonging  mostly  to  the  class 
of  organic  substances,  which  have  not  yet  been  separated  in  a  state 
of  sufficient  purity  to  admit  of  their  being  thoroughly  examined 
and  distinguished  from  each  other.  They  do  not  exist  in  great 
abundance,  but  are  undoubtedly  of  considerable  importance  in  the 
constitution  of  the  blood.  Beside  the  substances  enumerated  in  the 
above  list,  there  are  still  others  which  occur  in  small  quantity  as 
ingredients  of  the  blood.  Among  the  most  important  are  the  alka- 
line carbonates,  which  are  held  in  solution  in  the  serum.  It  has 
already  been  mentioned  that  while  the  phosphates  are  most  abun- 
dant in  the  blood  of  the  caroivora,  the  carbonates  are  most  abun- 
dant in  that  of  the  herbivora.  Thus  Lehmann'  found  carbonate  of 
soda  in  the  blood  of  the  ox  in  the  proportion  of  1.628  per  thousand 
parts.  There  are  also  to  be  found,  in  solution  in  the  blood,  urea, 
urate  of  soda,  creatine,  creatinine,  sugar,  &c. ;  all  of  them  crystalliza- 
ble  substances  derived  from  the  transformation  of  other  ingredients 
of  the  blood,  or  of  the  tissues  through  which  it  circulates.  The 
relative  quantity,  however,  of  these  substances  is  very  minute,  and 
has  not  yet  been  determined  with  precision. 

Coagulation  op  the  Blood. — A  few  moments  after  the  blood 
lias  been  withdrawn  from  the  vessels,  a  remarkable  phenomenon 
presents  itself,  viz.,  its  coagulation  or  clotting.  This  process  com- 
mences at  nearly  the  same  time  throughout  the  whole  mass  of  the 
blood.    The  blood  becomes  first  somewhat  diminished  in  fluidity, 

•  Op.  cit.,  vol.  i.  p.  646.  '  Op.  cit.,  vol.  i.  p.  393. 
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80  that  it  will  not  run  over  the  edge  of  the  vessel,  when  slighll; 
inclined ;  and  its  surface  may  be  gently  depressed  with  the  end  of. 
the  finger  or  a  glass  rod.  It  then  becomes  rapidly  thicker,  and  ab 
last  solidifies  into  a  uniformly  red,  opaque,  consistent,  gelatinous 
mass,  which  takes  the  form  of  the  vessel  in  which  the  blood  was 
received.  Its  coagulation  ia  then  complete.  The  process  usually 
'  commences,  in  the  case  of  the  human  subject,  in  about  Eficen  mio' 
utes  after  the  blood  has  been  drawn,  and  is  completed  in  abouk 
;  twenty  minutes. 

The  coagulation  of  the  blood  is  dependent  entirely  upon  the 

presence  of  the  fibrin.     This  fact  has  been  demonstrated  in  various 

/  ways.    In  the  first  place,  if  frog's  blood  be  filtered,  so  as  to  separsite 

I   the  globules  and  leave  them  upon  the  filter,  while  the  plasma  is 

allowed  to  run  through,  the  colorless  filtered  fluid  which  contains 

I    the  fibrin  soon  coagulates;  while  no  coagulation  takes  place  in  the 

moist  globules  remaining  on  the  filter.    Again,  if  the  freshly  draw»i 

blood  be  stirred  with  a  bundle  of  rods,  as  we  have  already  dorj 

scribed  above,  the  fibrin  coagulate  upon  them  by  itself,  while  thtt 

rest  of  the  plasma,  mixed  with  the  globules,  remains  perfectly  fluid. 

It  ia  the  fibrin,  therefore,  which,  by  its  own  coagulation,  induces 

the  solidification  of  the  entire  blood.     As  the  fibrin  is  uniformly 

distributed  throughout  the  blood,  when  its  coagulation  takes  pi: 

the  minute  filaments  which  make  their  appearance  in  it  entangl 

in  their  meshes  the   globules  and   the  albuminous  fluids  of 

plasma.     A  very  small  quantity  of  fibrin,  therefore,  is  sufficient 

entangle  by  its  coagulation  all  the  fluid  and  semi-fluid  parts  of 

blood,  and  convert  the  whole  into  a  volu 

nous,  trembling,  jelly-like   mass,  which   is 

known  by  the  name  of  the  " crassaraentum, 

or  "clot."  (Fig.  63.) 

As  soon  as  the  clot  has  fairly  formed, 
begins  to  contract  and  diminish  in 
actly  how  this  contraction  of  the  clot  is  pi 
duced,  we  are  unable  to  say ;  but  it  is  prol 
bly  a  continuation  of  the  same  process 
Bowl  of  r»«Diif  ri.iuD-    which  its  solidificatiouisatfirst  accomplished, 
Limu  BLO..B -i.nwiQii  ibe    ^j,  ^^  Jeast  One  Very  similar  to  it.     As  the 
lod  contraction  proceeds,  the  albuminous  (luids 

begin  to  be  pressed  out  from  the  meshes  in 
which  they  were  entangled.  A  few  isolated  drops  first  appear  on 
the  surface  of  the  clot.     These  drops  soon  increase  in  size  and  he- 


Fig.  63. 
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oome  more  mimerons.  They  ran  together  and  coalesce  with  each 
other,  M  more  and  more  fluid  exudes  from  the  coagulated  mass, 
until  the  whole  sar&ee  of  the  clot  is  covered  with  a  thin  layer  of 
flnid.  The  clot  at  first  adheres  pretty  stronglj  to  tiie  sides  of  the 
Teasel  into  which  the  blood  was  drawn ;  but  as  its  contraction  goes 
on,  its  edges  are  separated,  and  the  fluid  continues  to  exude  between 
it  and  the  sides  of  the  vesseL  This  exudation 
continues  for  ten  or  twelve  hours ;  the  clot  ng.  64 

growing  constantly  smaller  and  firmer,  and 
the  expressed  fluid  more  and  more  abundant 

The  globules,  owing  to  their  greater  con- 
sistency, do  not  escape  with  the  albuminous 
fluids,  bat  remain  entangled  in  the  fibrinous 
ooagulnm.  Finally,  at  the  end  of  ten  or 
twelve  hours  the  whole  of  the  blood  has 
usually  separated  into  two  parts,  viz^  the  trfot  g,,,  ^f  c<><ani.iTs» 
which  is  a  red,  opaque,  dense  and  resisting  Br,onB,  •««  rwtii*  hoar.: 
aemi-soUd  mass,  consisting  of  the  fibrin  and  ,bii  imudi  m  iIh  tau  ttiam. 
the  blood'globules ;  and  the  terum,  which  is  a 
transparent,  nearly  colorless  fluid,  containing  the  water,  albumen^ 
and  saline  matters  of  the  plasma.  (Fig.  61.) 

The  change  of  the  blood  in  coagulation  may  therefore  be  ex- 
pressed as  follows: — 

Before  coagulation  the  blood  consists  of 

(Fibrin, 
/Jbomen, 

Afl£r  coagulation  it  is  separated  into 

{Albamen 
Wmler, 

The  coagulation  of  the  blood  is  hastened  or  retarded  by  various 
physical  conditions,  which  have  been  studied  with  care  by  various 
observers,  but  more  particularly  by  Robin  and  Verdeil.  The  con- 
ditions which  influence  the  rapidity  of  coagulation  are  as  follows : 
Firsts  the  rapidity  with  which  the  blood  is  drawn  from  the  vein,  I 
and  the  size  of  the  orifice  from  which  it  flows.  If  blood  be  drawn  [ 
rapidly,  in  a  full  stream,  from  a  large  orifice,  it  remains  fluid  for  a 
comparatively  long  time;  if  it  be  drawn  slowly,  from  a  narrow 
orifice,  it  coagulates  quickly.  Thus  it  usually  happens  that  in  the 
operation  of  venesection,  the  blood  drawn  immediately  after  the 
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opening  of  the  vein  runs  freely  and  coagulates  slowly ;  while  that 
which  is  drawn  toward  the  end  of  the  operation,  when  the  tension 
of  the  veins  has  been  relieved  and  the  blood  trickles  slowly  from 
the  wound,  coagulates  quickly.  Secondly,  the  shape  of  the  vessel 
into  which  the  blood  is  received  and  the  condition  of  its  internal 
surface.  The  greater  the  extent  of  surface  over  which  the  blood 
comes  in  contact  with  the  vessel,  the  more  is  its  coagulation 
hastened.  Thus,  if  the  blood  be  allowed  to  flow  into  a  tall,  narrow, 
cylindrical  vessel,  or  into  a  shallow  plate,  it  coagulates  more  rapidly 
than  if  it  be  received  into  a  hemispherical  bowl,  in  which  the  ex- 
tent of  sur&ce  is  less,  in  proportion  to  the  entire  quantity  of  blood 
which  it  contains.  For  the  same  reason,  coagulation  takes  place 
more  rapidly  in  a  vessel  with  a  roughened  internal  surface,  than  in 
one  which  is  smooth  and  polished.  The  blood  coagulates  most 
rapidly  when  spread  out  in  thin  layers^  and  entangled  among  the 
fibres  of  cloth  or  sponges.  For  the  same  reason,  also,  hemorrhage 
continues  longer  from  an  incised  wound  than  from  a  lacerated  one ; 
because  the  blood,  in  flowing  over  the  ragged  edges  of  the  lace- 
rated bloodvessels  and  tissues,  solidifies  upon  them  readily,  and  thus 
blocks  up  the  wound. 

(      In  all  these  cases,  there  is  an  inverse  relation  between  the  rapidity 
of  coagulation  and  the  firmness  of  the  clot.    When  coagulation 

,  takes  place  slowly,  the  clot  afterward  becomes  small  and  dense,  and 
the  serum  is  abundant.    When  coagulation  is  rapid,  there  is  but 

;  little  contraction  of  the  coagulum,  an  imperfect  separation  of  the 
serum,  and  the  clot  remains  large,  soft,  and  gelatinous. 

It  is  well  known  to  practical  physicians  that  a  similar  relation 
exists  when  the  coagulation  of  the  blood  is  hastened  or  retarded  by 
disease.  In  cases  of  lingering  and  exhausting  illness,  or  in  diseases 
of  a  typhoid  or  exanthematous  character,  with  much  depression  of 
the  vital  powers,  the  blood  coagulates  rapidly  and  the  clot  remains 
soft.  In  cases  of  active  inflammatory  disease,  as  pleurisy  or  pneu- 
monia, occurring  in  previously  healthy  subjects,  the  blood  coagulates 

.  slowly,  and  the  clot  becomes  very  firm.    In  every  instance,  the 

j  blood  which  has  coagulated  liquefies  again  at  the  commencement  of 

1  putrefaction. 

The  coagulation  of  the  fibrin  is  not  a  commencement  of  organization. 
The  filaments  already  described,  which  show  themselves  in  the  clot 
(Fig.  62),  are  not,  properly  speaking,  organized  fibres,  and  are  en- 
tirely different  in  their  character  from  the  fibres  of  areolar  tissue,  or 
any  other  normal  anatomical  elements.    They  are  simply  the  ulti- 
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mate  form  which  fibrin  assumes  in  coagulating,  just  as  albumen 
takes  the  form  of  granules  under  the  same  circumstances.  The 
coagulation  of  fibrin  does  not  differ  in  character  from  that  of  any 
other  organic  substance;  it  merely  differs  in  the  physical  conditions 
which  give  rise  to  it  All  the  coagulable  organic  substances  are 
naturally  fluid,  and  coagulate  only  when  they  are  placed  uiider 
certain  unusual  conditions.  But  the  particular  conditions  neces- 
sary for  coagulation  vary  with  the  different  organic  substances. 
Thus  albumen  coagulates  by  the  application  of  heat.  Casein,  which 
is  not  affected  by  heat,  coagulates  by  contact  with  an  acid  body. 
Pancreatine,  again,  is  coagulated  by  contact  with  sulphate  of  mag- 
nesia»  which  has  no  effect  on  albumen.  So  fibrin,  which  is  naturally 
fluid,  and  which  remains  fluid  so  long  as  it  is  circulating  in  the 
vessels^  coagulates  when  it  is  withdrawn  from  them  and  brought  in 
contact  with  unnatural  surfaces.  Its  coagulation,  therefore,  is  no 
more  "spontaneous,"  properly  speaking,  than  that  of  any  other 
organic  substance.  Still  less  does  it  indicate  anything  like  organ- 
ization, or  even  a  commencement  of  it  On  the  contrary,  in  the 
natural  process  of  nutrition,  fibrin  is  assimilated  by  the  tissues 
and  takes  part  in  their  organization,  only  when  it  is  absorbed  by 
them  from  the  bloodvessels  in  a  fluid  form.  As  soon  as  it  is  once 
coagulated  by  any  means,  it  passes  into  an  unnatural  condition,  and 
must  be  again  liquefied  and  absorbed  into  the  blood  before  it  can 
be  assimilated. 

As  the  fibrin,  therefore,  is  maintained  in  its  natural  condition  of 
fluidity  by  the  movement  of  the  circulating  blood  in  the  interior  of 
the  vessels,  anything  which  interferes  with  this  circulation  will  in- 
duce its  coagulation.  If  a  ligature  be  placed  upon  an  artery  in  the 
living  subject,  the  blood  which  stagnates  above  the  ligature  coagu- 
lates, just  as  it  would  do  if  entirely  removed  from  the  circulation. 
If  the  vessel  be  ruptured  or  lacerated,  the  blood  which  escapes  from 
it  into  the  areolar  tissue  coagulates,  because  here  also  it  is  with- 
drawn from  the  circulation.  It  coagulates  also  in  the  interior  of 
the  vessels  after  death  owing  to  the  same  cause,  viz :  stoppage  of 
the  circulation.  During  the  last  moments  of  life,  when  the  flow  of 
blood  through  the  cavities  of  the  heart  is  impeded,  the  fibrin  often 
coagulates,  in  greater  or  less  abundance,  upon  the  moving  chordae 
tendineae  and  the  edges  of  the  valves,  just  as  it  would  do  if  with- 
drawn from  the  body  and  stirred  with  a  bundle  of  twigs.  In  every 
instance,  the  coagulation  of  the  fibrin  is  a  morbid  phenomenon,  de- 
pendent on  the  cessation  or  disturbance  of  the  circulation. 


230  TUE    BLOOD. 

If  the  blood  be  allowed  to  coagulate  in  a  bowl,  anc 

then  divided  by  a  vertical  section,  it  will  be  seen  that  its  lower 

portion  ia  softer  and  of  a  deeper  red  than  the  upper,    (Fig.  65.) 

Thia  is  because  the  globules,  which  are  of 

*■     '  greater  specific  gravity  than  the  plasma,  sink 

\-  f^    toward  the  bottom  of  the  vessel  before  coagu- 

\^^^^^^^K\      latioD  takes   place,  and   accumulate  in   the 

^^^^^^^f  I       lower  portion  of  the  blood.     This  deposit  of 

l^^^^^^V/       the  globules,  however,  is  only  piirtial;   be- 

\^^^^^^/        cause  they  are  soon  fixed  and  entangled  by 

P'        ~~K,  the  solid  mass  of  the  coagulum,  and  are  thus 

^^  retained  in  the  position  in  which  they  hap- 

c»»rcnia'n'iB'»°ihowiBg    P^'^  ^'^  ^  ^  *^®  momciit  that  coagulation 

llie    grHiTBr    uimmglillan    of     takeS  plaCC. 

bJood-jflDbalai  AL  tba  buLtom-  tj^.i  i.'  i  ^ii  i 

Vl  tuo  coagulation,  however,  be  delayed 
longer  than  usual,  or  if  the  globules  sink  more  rapidly  than  is  cus- 
tomary, they  will  have  time  to  subside  entirely  from  the  upper  por- 
tion of  the  blood,  leaving  a  layer  at  the  surface  which  is  composed 
of  plasma  alone.  When  coagulation  then  takes  place,  this  upper 
portion  solidifies  at  the  same  time  with  the  rest,  and  the  clot  then 
presents  two  diftbrent  portions,  viz.,  a  lower  portion  of  a  dark  red 
color,  in  which  the  globules  are  accnmnlated,  and  an  upper  portion 
from  which  the  globules  have  subsided,  and  which  is  of  a  grayish 
white  color  and  partially  transparent.  This  whitish  layer  on  the 
surface  of  the  clot  is  termed  the  "  buffy  coat ;"  and  the  blood  pre- 
senting it  is  said  to  be  "  bufied."  It  is  an  appearance  which  often 
presents  itself  in  cases  of  acute  inflammatory  di.sease,  in  which  the 
coagulation  of  the  blood  is  unusually  retarded. 

When  a  clot  with  a  buffy  coat  begins  to  contract,  the  coni 

_,      .,  tion  takes  place  perfectly  well  in  its  upper 

portion,  but  in  the  lower  part  it  is  impeded 
by  the  presence  of  the  globules  which  have 
accumulated  in  large  quantity  at  the  bottom 
of  the  clot.  While  the  lower  part  of  the 
coagulum,  therefore,  remains  voluminous, 
and  hardly  separates  from  the  sides  of  the 
vessel,  its  upper  colorless  portion  dimintahea 
very  much  in  size ;  and  as  its  edges  separate 
from  the  sides  of  the  vessel,  they  curl  over 
toward  each  other,  so  that  the  upper  surface 
of  the  clot  becomes  more  or  less  excavated  or  cup-shaped.  (Fig.  66.) 
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The  blood  is  then  said  to  be  "  buffed  and  cupped."  These  appear- 
ances do  not  present  themselves  under  ordinary  conditions^  but  only 
when  the  blood  has  become  altered  by  disease. 

The  entire  quantity  of  blood  existing  in  the  body  has  never  been 
very  accurately  ascertained.  It  is  not  possible  to  extract  the  whole 
of  it  by  opening  the  large  vessels^  since  a  certain  portion  will  always 
remain  in  the  cavities  of  the  heart,  in  the  veins,  and  in  the  capil- 
laries of  the  head  and  abdominal  organs.  The  other  methods 
which  have  been  practised  or  proposed  from  time  to  time  are  all 
liable  to  some  practical  objection.  We  have  accordingly  only 
been  able  thus  far  to  ascertain  the  minimum  quantity  of  blood 
existing  in  the  body.  Weber  and  Lehmann*  ascertained  as  nearly 
as  possible  the  quantity  of  blood  in  two  criminals  who  suffered 
death  by  decapitation ;  in  both  of  which  cases  they  obtained  essen- 
tially similar  results.  The  body  weighed  before  decapitation  188 
pounds  avoirdupois.  The  blood  which  escaped  from  the  vessels  at 
the  time  of  decapitation  amounted  to  12.27  pounds.  In  order  to 
estimate  the  quantity  of  blood  which  remained  in  the  vessels,  the 
experimenters  then  injected  the  arteries  of  the  head  and  trunk  with 
water,  collected  the  watery  fluid  as  it  escaped  from  the  veins,  and 
ascertained  how  much  solid  matter  it  held  in  solution.  This 
amounted  to  477.22  grains,  which  corresponded  to  4.88  pounds  of 
blood.    The  result  of  the  experiment  is  therefore  as  follows : — 

Blood  which  escaped  from  the  vessels     .        .        .        •        .12.27  poonds. 
*<  remained  in  the  bodj 4.3S        " 


Whole  qaantitj  of  blood  in  the  living  bodj,  16.65 

The  weight  of  the  blood,  then,  in  proportion  to  the  entire  weight 
;  of  the  body,  was  as  1  :  8 ;  and  the  body  of  a  healthy  man,  weighing 
140  pounds,  will  therefore  contain  on  the  average  at  least  17) 
pounds  of  blood. 

1  Physiological  Chemistry,  vol.  1.  p.  638. 
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The  blood  as  it  circulates  ia  the  arterial  system  has  a  bright 
scarlet  color ;  but  as  it  passes  through  the  capillaries  it  gradually 
becomes  darker,  and  on  its  arrival  in  the  veins  its  color  is  a  deep 
purple,  and  in  some  parts  of  the  body  nearly  black.  There  are, 
therefore,  two  kinds  of  blood  in  the  body ;  arterial  blood,  which  is 
of  a  bright  color,  and  venous  blood,  which  is  dark.  Now  it  is  found 
that  the  dark-colored  venous  blood,  which  has  been  contaminated 
by  passing  through  the  capillaries,  ifi  unfit  for  further  circulation. 
It  is  incapable,  in  this  state,  of  supplying  the  organs  with  their 
healthy  stimulus  and  nutrition,  and  has  become,  on  the  contrary, 
deleterious  and  poisonous.  It  is  aooordingly  carried  back  to  the 
heart  by  the  veins,  and  thence  sent  to  the  lungs,  where  it  is  recon- 
verted into  arterial  blood.  The  process  by  which  the  venous  blood 
is  thus  arterialized  and  renovated,  is  known  as  the  process  of 
respiraiian. 

This  process  takes  place  very  actively  in  the  higher  animals,  and 
probably  does  so  to  a  greater  or  less  extent  in  all  animals  without 
exception.  Its  essential  conditions  are  that  the  circulating  fluid 
should  be  exposed  to  the  influence  of  atmospheric  air,  or  of  an 
aerated  fluid ;  that  is,  of  a  fluid  holding  atmospheric  air  or  oxygen 
in  solution.  The  respiratory  apparatus  consists  essentially  of  a 
moist  and  permeable  animal  membrane,  the  respiratory  membrane, 
with  the  bloodvessels  on  one  side  of  it,  and  the  air  or  aerated  fluid 
on  the  other.  The  blood  and  the  air,  consequently,  do  not  come  in 
direct  contact  with  each  other,  but  absorption  and  exhalation  take 
place  from  one  to  the  other  through  the  thin  membrane  which  lies 
between. 

The  special  anatomical  arrangement  of  the  respiratory  apparatus 
differs  in  different  species  of  animals.  In  most  of  those  inhabiting 
the  water,  the  respiratory  organs  have  the  form  of  gills  or  branchise ; 
that  is,  delicate  filamentous  prolongations  of  some  part  of  the 
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integument  or   mucous  membranes,  which  contain  an  abundant 
supply  of  bloodvessels,  and  which  hang  out  freely  into  the  sur- 
rounding water.    In  many  kinds  of  aquatic  lizards,  as,  for  exam- 
ple, in  menobranchvs  (Fig.  67), 
there  are  upon  each  side  of  the  ^*^'  ^'^' 

neck  three  delicate  feathery 
tufts  of  thread-like  prolonga- 
tions from  the  mucous  mem- 
brane of  the  pharynx,  which 
pass  out  through  fissures  in 
the  side  of  the  neck.  Each 
tuft  is  composed  of  a  prin- 
cipal stem,  upon  which  the       „,.^  .^,  «,,,.  ^,  v.. «»-...„.- 

t  '       r  Hbad   axd   Gills   op   3Iexobba9ciiu8. 

filaments  are  arranged  in  a 

pinnated  form,  like  the  plume  upon  the  shaft  of  a  feather.  Each 
filamenty  when  examined  by  itself,  is  seen  to  consist  of  a  thin,  rib- 
bon-shaped fold  of  mucous  membrane,  in  the  interior  of  which 
there  is  a  plentiful  network  of  minute  bloodvessels.  The  dark 
blood,  as  it  comes  into  the  filament  from  the  branchial  artery,  is 
exposed  to  the  influence  of  the  water  in  which  the  filament  is 
bathed,  and  as  it  circulates  through  the  capillary  network  of  the 
gills  is  reconverted  into  arterial  blood.  It  is  then  carried  away  by 
the  branchial  vein,  and  passes  into  the  general  current  of  the  cir- 
culation. The  apparatus  is  further  supplied  with  a  cartilaginous 
framework,  and  a  set  of  muscles  by  which  the  gills  are  gently  waved 
about  in  the  surrounding  water,  and  constantly  brought  into  con- 
tact with  fresh  portions  of  the  aerated  fluid. 

Most  of  the  aquatic  animals  breathe  by  gills  similar  in  all  their 
essential  characters  to  those  described  above.  In  terrestrial  and 
air-breathing  animals,  however,  the  respiratory  apparatus  is  situated 
internally.  In  them,  the  air  is  made  to  penetrate  into  the  interior 
of  the  body,  into  certain  cavities  or  sacs  called  the  lungs,  which 
are  lined  with  a  vascular  mucous  membrane.  In  the  salamanders, 
for  example,  which,  though  aquatic  in  their  habits,  are  air-breathing 
animals,  the  lungs  are  two  long  cylindrical  sacs,  running  nearly  the 
entire  length  of  the  body,  commencing  anteriorly  by  a  communi- 
cation with  the  pharynx,  and  terminating  by  rounded  extremities 
at  the  posterior  part  of  the  abdomen.  These  lungs,  or  air-sacs, 
have  a  smooth  internal  surface;  and  the  blood  which  circulates 
through  their  vessels  is  arterialized  by  exposure  to  the  air  contained 
im  their  cavities.    The  air  is  forced  into  the  lungs  by  a  kind  of 
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swallowing  movement,  and  is  after  a  time  regurgitated  and  dis- 
charged, in  order  to  make  room  for  a  fresh  supply. 

In  frogs,  turtles,  serpents,  &o^  the  structure  of  the  lung  is  a 
little  more  complicated,  since  respiration  is  more  active  in  these 
animals,  and  a  more  perfect  organ  is  requisite  to  accomplish  the 
arterialization  of  the  blood.  In  these  animals,  the  cavity  of  the 
long,  instead  of  being  simple,  is  divided  by  incomplete  partitions 
into  a  number  of  smaller  cavities  or  "  cells."  The  cells  al!  commu- 
nicate with  the  central  pulmonary  cavity ;  and  the  partitions,  which 
join  each  other  at  various  angles,  are  all  composed  of  thin,  pro- 
jeoting  folds  of  the  lining  membrane,  with  bloodvessels  ramifying 
between  them.  (Fig.  68.)  By  this  arrangement, 
the  extent  of  surface  presented  to  the  air  by  the 
pulmonary  membrane  is  much  increased,  and  the 
arterialization  of  the  blood  takes  place  with  a 
corresponding  degree  of  rapidity. 

In  the  human  subject,  and  in  all  the  warm- 
biooiled  quadrupeds,  the  lungs  are  constructed  I 
on  a  plan  which  is  essentially  similar  to  the 
above,  and  which  differs  from  it  only  in  the 
greater  extent  to  which  the  pulmonary  cavity  ia 
subdivided,  and  the  surface  of  the  respiratory 
membrane  increased.  The  respiratory  apparatus 
(Fig.  69)  commences  with  the  larjiix,  which 
oommunioates  with  the  pharynx  at  the  upper  part  of  the  neck. 
Then  follows  the  trachea,  a  membranous  tube  with  cartilaginouB  I 
rings ;  which,  upon  its  entrance  into  the  chest,  divides  into  the  right 
and  left  bronchus.  These  again  divide  successively  into  secondary 
and  lartiary  bronchi ;  the  subdivision  continuing,  while  the  bron- 
chial tubes  grow  smaller  and  more  numerous,  and  separate  con- 
stantly from  each  other.  As  they  diminish  in  size,  the  tubes  grow 
more  delicate  in  structure,  and  the  cartilaginous  rings  and  platea 
disappear  from  their  walls.  They  are  finally  reduced,  according  to  " 
KoUiker,  to  the  siae  of  ^  of  an  inch  in  diameter;  and  are  com- 
posed only  of  a  thin  mucous  membrane,  lined  with  pavement  epi- 
thelium, which  rests  upon  an  elastic  fibrous  layer.  They  are  then 
known  as  the  "  ultimate  bronchial  tubes." 

Each  ultimate  bronchial  lube  terminates  in  a  division  or  islet  of 
the  pulmonary  tissue,  about  j'j  of  an  inch  in  diameter,  which  is 
termed  a  "pulmonary  lobule."  Each  pulmonary  lobule  resembles 
in  its  structure  the  entire  frog's  lung  in  miniature.     It  consists  of  a 
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vascular  membrane  iDclo.<4ing  a  cavitjr;  whicb  cavity  is  divided 
into  a  large  number  ot  secondary  compartments  by  thin  septa  or 
partitions,  which  project  from  its  internal  surface.  (Fig.  70.)  These 
secondary  cavities  are  the  "pulmonary 
cells,"  or  "  vesicles."  Each  vesicle  is  about 
i/i  of  an  inch  in  diameter ;  and  is  covered 
on  its  exterior  with  a  close  network  of  ca- 
pillary bloodvessels,  wliich  dip  down  into 
the  spaces  between  the  adjacent  vesicles,  and 
expose  in  this  way  a  double  surface  to  the 
air  which  is  contained  in  their  cavities. 
Between  the  vesicles,  and  in  the  interstices 
between  the  lobules,  there  is  a  large  quan- 
tity of  yellow  elastic  tissue,  which  gives 
firmness  and  resiliency  to  the  pulmonary 
structure.  The  pulmonary  vesicles,  accord- 
ing to  the  observations  of  Kiilliker,  are 
lined  everywhere  with  a  layer  of  pavement 
epithelium,  continuous  with   that   in   the 
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ultimate  bronchial  tubes.  The  whole  extent  of  respiratory  sur- 
&ce  in  both  lungs  has  been  calculated  by  Lieberkiihn^  at  fourteen 
I  hundred  square  feet.  It  is  plainly  impossible  to  make  a  precisely 
accurate  calculation  of  this  extent ;  but  there  is  every  reason  to 
believe  that  the  estimate  adopted  by  Lieberkiihn,  regarded  as 
approximative,  is  not  by  any  means  an  exaggerated  one.  The 
great  multiplication  of  the  minute  pulmonary  vesicles,  and  of  the 
partitions  between  them,  must  evidently  increase  to  an  extraor- 
dinary degree  the  extent  of  surface  over  which  the  blood,  spread 
out  in  a  thin  layer,  is  exposed  to  the  action  of  the  air.  These 
anatomical  conditions  are,  therefore,  the  most  favorable  for  its  rapYd 
and  complete  arterialization. 

Respiratory  Movements  of  the  Chest. — ^The  air  which  is  con- 
tained in  the  pulmonary  lobules  and  vesicles  becomes  rapidly  vitiated 
in  the  process  of  respiration,  and  requires  therefore  to  be  expelled 
and  replaced  by  a  fresh  supply.  This  exchange  or  renovation  of 
the  air  is  effected  by  alternate  movements  of  the  chest,  of  expansion 
and  collapse,  which  are  termed  the  "  respiratory  movements  of  the 
chest."  The  expansion  of  the  chest  is  effected  by  two  sets  of  mus- 
cles, viz.,  first,  the  diaphragm,  and,  second,  the  intercostals.  While 
the  diaphragm  is  in  a  state  of  relaxation,  it  has  the  form  of  a  vaulted 
partition  between  the  thorax  and  abdomen,  the  edges  of  which  are 
attached  to  the  inferior  extremity  of  the  sternum,  the  inferior 
costal  cartilages,  the  borders  of  the  lower  ribs  and  the  bodies  of 
the  lumbar  vertebrae,  while  its  convexity  rises  high  into  the  cavity 
of  the  chest,  as  far  as  the  level  of  the  fifth  rib.  When  the  fibres 
of  the  diaphragm  contract,  their  curvature  is  necessarily  dimi- 
nished ;  and  they  approximate  a  straight  line,  exactly  in  proportion 
to  the  extent  of  their  contraction.  Consequently,  the  entire  con- 
vexity of  the  diaphragm  is  diminished  in  the  same  proportion, 
and  it  descends  toward  the  abdomen,  enlarging  the  cavity  of  the 
chest  from  above  downward.  (Fig.  71.)  At  the  same  time  the  inter- 
costal muscles  enlarge  it  in  a  lateral  direction.  For  the  ribs,  arti- 
culated behind  with  the  bodies  of  the  vertebrae,  and  joined  in  front 
to  the  sternum  by  the  flexible  and  elastic  costal  cartilages,  are  so 
arranged  that,  in  a  position  of  rest,  their  convexities  look  obliquely 
outward  and  downward.  When  the-  movement  of  inspiration  is 
about  to  commence,  the  first  rib  is  fixed  by  the  contraction  of  the 

■  In  Simon's  Chemistry  of  Man,  Philada.  ed.,  184G,  p.  109. 
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Fig.  71. 


scaleni  muscles,  and  the  intercostal  muscles  then  contracting  simul- 
taneously, the  ribs  are  drawn  upward.  In  this  movement,  as  each 
rib  rotates  upon  its  articulation  with  the 
spinal  column  at  one  extremity,  and  with 
the  sternum  at  the  other,  its  convexity  is 
necessarily  carried  outward  at  the  same 
time  that  it  is  drawn  upward,  and  the  pa- 
rietes  of  the  chest  are,  therefore,  expanded 
laterally.  The  sternum  itself  rises  slightly 
with  the  same  movement,  and  enlarges  to 
some  extent  the  antero-posterior  diameter 
of  the  thorax.  By  the  simultaneous  action, 
therefore,  of  the  diaphragm  which  descends, 
and  of  the  intercostal  muscles  which  lift 
the  ribs  and  the  sternum,  the  cavity  of  the 
chest  is  expanded  in  every  direction,  and 
the  air  passes  inward,  through  the  trachea 
and  bronchial  tubes,  by  the  simple  force  of 
aspiration. 

After  the  movement  of  inspiration  is  ac- 
complished, and  the  lungs  are  filled  with 
air,  the  diaphragm  and  intercostal  muscles 
relax,  and  a  movement  of  expiration  takes 
place,  by  which  the  chest  is  partially  col- 
lapsed, and  a  portion  of  the  air  contained 
in  the  pulmonary  cavity  expelled.  The 
movement  of  expiration  is  entirely  a  passive 
one,  and  is  accomplished  by  the  action  of 
three  different  forces.  First,  the  abdominal 
organs,  which  have  been  pushed  out  of  their 
usual  position  by  the  descent  of  the  diaphragm,  fall  backward  by 
their  own  weight  and  carry  upward  the  relaxed  diaphragm  before 
them.  Secondly,  the  costal  cartilages,  which  are  slightly  twisted 
out  of  shape  when  the  ribs  are  drawn  upward,  resume  their  natural 
position  as  soon  as  the  muscles  are  relaxed,  and,  drawing  the  ribs 
down  again,  compress  the  sides  of  the  chest.  Thirdly,  the  pul- 
monary tissue,  as  we  have  already  remarked,  is  abundantly  sup- 
plied with  yellow  elastic  fibres,  which  retract  by  virtue  of  their 
own  elasticity,  in  every  part  of  the  lungs,  after  they  have  been 
forcibly  distended,  and,  compressing  the  pulmonary  vesicles,  drive 
out  a  portion  of  the  air  which  they  contained.    By  the  constant 
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recnrreiice  of  these  alternating  movements  of  inspiration  and  expi- 
ration,  fresh  portions  of  air  are  constantly  introduced  into  and 
expelled  from  the  chest. 

The  average  quantity  of  atmospheric  air,  taken  into  and  dis- 
charged from  the  lungs  with  each  respiratory  movement,  is,  ac- 
cording to  the  results  of  various  observers,  twenty  cubic  inches.  At 
eighteen  respirations  per  minute,  this  amounts  to  860  cubic  inches 
of  air  inspired  per  minute,  21,600  cubic  inches  per  hour,  and  518,400 
cubic  inches  per  day.  But  as  the  movements  of  respiration  are 
increased  both  in  extent  and  rapidity  by  every  muscular  exertion, 
the  entire  quantity  of  air  daily  used  in  respiration  is  not  less  than 
600,000  cubic  inches,  or  850  cubic  feet. 

The  whole  of  the  air  in  the  chest,  however,  is  not  changed  at  each 
movement  of  respiration.  On  the  contrary,  a  very  considerable 
quantity  remains  in  the  pulmonary  cavity  after  the  most  complete 
expiration ;  and  even  after  the  lungs  have  been  removed  from  the 
chest,  they  still  contain  a  large  quantity  of  air  which  cannot  be 
entirely  displaced  by  any  violence  short  of  disintegrating  and  dis- 
organizing the  pulmonary  tissue.  It  is  evident,  therefore,  that  only 
a  comparatively  small  portion  of  the  air  in  the  lungs  passes  in  and 
out  with  each  respiratory  movement ;  and  it  will  require  several 
successive  respirations  before  all  the  air  in  the  chest  can  be  entirely 
changed.  It  has  not  been  possible  to  ascertain  with  certainty  the 
exact  proportion  in  volume  which  exists  between  the  air  which  is 
alternately  inspired  and  expired,  or  "tidal"  air,  and  that  which 
remains  constantly  in  the  chest»  or  "  residual"  air,  as  it  is  called. 
It  hap  been  estimated,  however,  by  Dr.  Carpenter,^  from  the  reports 
of  various  observers,  that  the  volume  of  inspired  and  expired  air 
varies  from  10  to  18  per  cent,  of  the  entire  quantity  contained  in 
the  chest.  If  this  estimate  be  correct,  it  will  require  from  eight  to 
ten  respirations  to  change  the  whole  quantity  of  air  in  the  cavity 
of  the  chest. 

It  is  evident,  however,  from  the  foregoing,  that  the  inspiratory 
and  expiratory  movements  of  the  chest  cannot  be  sufficient  to 
change  the  air  at  all  in  the  pulmonary  lobules  and  vesicles.  The 
air  which  is  drawn  in  with  each  inspiration  penetrates  only  into 
the  trachea  and  bronchial  tubes,  until  it  occupies  the  place  of  that 
which  was  driven  out  by  the  last  expiration.  By  the  ordinary 
respiratory  movements,  therefore,  only  that  small  portion  of  the 

1  Human  Physiologj,  Philada.  ed.,  1855,  p.  300. 
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air  l^"ing  nearest  the  exterior,  in  the  traoliea  and  large  bronchi, 
would  Bucluate  backward  and  forward,  without  ever  penetrating 
into  the  deeper  parts  of  the  lung,  were  there  no  other  means  pro- 
vided for  its  renovation.     There  are,  however,  two  other  forces  in 
[    plaj  for  this  purpose.     The  first  of  these  is  the  diffusive  power  of  I 
^e  gasea  themselves.     The  air  remaining  in  the  deeper  parta  of  ' 
the  chest  ia  richer  in  carbonic  acid  and  poorer  in  oxygen  than  that  I 
which  has  been  recently  inspired ;  and  by  the  laws  of  gaseous  dJf-  I 
fusion  there  must  be  a  constant  interchange  of  these  gases  between 
the  pulmonary  vesicles  and   the   trachea,  tending   to   mix   them 
I    equally  in  all  parts  of  the  lung.     This  mutual  diffusion  and  inter- 
'   mixttire  of  the  gases  will  therefore  tend  to  renovate,  partially  at 
least,  the  air  in  the  pulmonary  lobules  and  vesicles.     Secondly,  the 
trachea  and  bronchial  tubes,  down  to  those  even  of  the  smallest 
size,  are  lined  with  a  mucous  membrane  which  is  covered  with 
(dilated  epithelium.     The  movement  ol'  those  cilia  is  found  to  be 
directed   always   from   below  upward;    and,  like   ciliary  motion 
wherever  it  occurs,  it  has  the  eflect  of  producing  a  current  in  iVe 
same  direction,  in  the  fluiila  covering  the  mucous  membrane.     The 
air  in  the  tubes  must  partici- 
pate, to   a   certain   extent,  in  Pis- 1-- 
this    current,    and    a    double 
stream  of  air  therefore  is  estab- 
lished in  each  bruuchiul  tube ; 
one  current  passing  from  with- 
in outward  along  the  walls  of 
the  tube,  and  a  return  current 
passing  from  without  inward, 
along  the  central    part  of  its 
cavity.     (Fig.  72.)     By  this 
means  a  kind  of  aerial  circulation  is  constantly  maintained  in  the 
interior  of  the  bronchial  tubes ;  which,  combined  with  the  mutual 
diffiuiion  of  the  gases  and  the  alternate  expansion  and  collapse  of 
the  chest,  effectually  accomplishes  the  renovation  of  the  air  contained 
in  all  parts  of  the  pulmonary  cavity. 

Respibatory  Movements  of  toe  Glottis. — Beside  the  move- 
ments of  expansion  and  collapse  already  described,  belonging  to 
the  chest,  there  are  similar  respiratory  movements  which  take  place 
in  the  larynx.  If  the  respiratory  passages  bo  examined  after  death, 
in  the  state  of  collapse  in  which  they  are  usually  found,  it  will  be 
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noticed  that  the  opening  of  the  glottis  is  very  mach  am&ller  tban 
the  cavity  of  the  trachea  below.  The  glottis  itself  presents  the 
appearance  of  a  narrow  chink,  while  the  passage  for  the  inspired 
air  widens  in  the  lower  part  of  the  larynx,  and  in  the  trachea 
constitutes  a  spacious  tube,  nearly  cylindrical  in  shape,  and  over 
half  an  inch  in  diameter.  We  have  found,  for  instance,  that  in 
the  human  subject  the  space  included  between  the  vocal  chords 
has  an  area  of  only  0.15  to  0.17  square  inch;  while  the  calibre 
of  the  trachea  in  the  middle  of  its  length  is  0.45  square  inch. 
This  disproportion,  however,  which  is  so  evident  aAier  death,  does 
not  exist  during  life.  While  respiration  is  going  on,  there  is  a 
constant  and  regular  movement  of  the  vocal  chords,  synchronous 
with  the  inspiratory  and  expiratory  movements  of  the  chest,  by 


Fig.  73. 


which  the  size  of  the  glottis  is  alternately  enlarged  and  diminished. 
At  every  inspiration,  the  glottis  opens  and  allows  the  air  to  pass 
freely  into  the  trachea ;  at  every  expiration  it  collapses,  and  the 
air  is  driven  out  through  it  from  below.  These  movements  are 
called  the  "  respiratory  movements  of  the  glottis,"  They  correspond 
in  every  respect  with  those  of  the  chest,  and  are  excited  or  retarded 
by  similar  causes.  Whenever  the  general  movements  of  respiration 
are  hurried  and  labored,  those  of  the  glottis  become  accelerated  and 
increased  in  intensity  at  the  same  time ;  and  when  the  movements 
of  the  chest  are  slower  or  fainter  than  usual,  owing  to  debility, 
coma,  or  the  like,  those  of  the  glottis  are  diminished  in  the  same 
proportion. 
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In  the  respiratory  motioDa  of  tbe  glottis,  as  in  tliose  of  the  chest, 
the  movement  of  Inspiration  is  aa  active  one,  and  that  of  expira- 
tion passive.     In  inspiration,  the  glottis 
ia  opened  by  contraction  of  the  posterior  Fig. 73. 

crico-arytenoid  musclea.  (Fig-  75.) 
These  muscles  originate  from  the  pos- 
terior surface  of  the  cricoid  cartilage, 
near  the  median  line;  and  their  fibres,  i 
running  upward  and  outward,  are  in- 
serted into  the  external  angle  of  the 
arytenoid  cartilages.  By  the  contrac- 
tion of  these  muscles,  during  the  move- 
ment of  inspiration,  the  arytenoid  car- 
tilages are  rotated  upon  their  articula- 
tions with  the  cricoid,  so  that  their 
anterior  extremities  are  carried  outward, 
and  the  vocal  chords  stretched  and  sepa- 
rate from  each  other.  (Fig.  74.)  In  this  j,'|j^"l^  Tbyto'u  attiiMV'ftBpi" 
way,  the  size  of  the  glottis  may  be  in-  m-iii--  «■  Ar/mnuiii  c»nii»g(..  a. 
creased  from  0,15  to  0.27  square  inch.  .rVwuow  muX..  */•  tmim'  '  "^ 

In   expiration,   the   posterior   crico- 
arytenoid muscles  are  relaxed,  and  the  elasticity  of  the  vocal  chords 
brings  them  back  to  their  former  position. 

The  motions  of  respiration  consist,  therefore,  of  two  seta  of  move- 
ments :  viz.,  those  of  the  chest  and  those  of  the  glottis.  These  move- 
ments, in  the  natural  condition,  correspond  with  each  other  both  in 
time  and  intensity.  It  ia  at  the  same  time  and  by  the  same  nervous 
influence,  that  the  chest  expands  to  inhale  the  air,  while  the  glottis 
opens  to  admit  it;  and  in  expiration,  the  muscles  of  both  chest  and 
glottis  are  relaxed;  while  the  elasticity  of  the  tissues,  by  a  kind  of 
passive  contraction,  restores  the  parts  to  their  original  condition, 

CnANGES  IN  THE  AiE  DUBISG  RESPIRATION. — The  atmospheric 
air,  as  it  is  drawn  into  the  cavity  of  the  lungs,  ia  a  mixture  of  oxy- 
gen and  nitrogen,  in  the  proportion  of  about  21  per  cent.,  by  volume, 
of  oxygen,  to  79  per  cent,  of  nitrogen.  It  also  contains  about  one- 
twentieth  per  cent,  of  carbonic  acid,  a  varying  quantity  of  watery 
vapor,  and  some  traces  of  ammonia.  The  last  named  ingredients, 
however,  are  quite  insignificant  in  comparison  with  the  oxygen  and 
nitrogen,  which  form  the  principal  parts  of  its  mass. 

If  collected  and  examined,  after  passing  through  the  hings,  the 
16 
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air  is  found  to  have  become  altered  in  the  following  essential  par- 
ticulars, viz : — 

1st.  It  has  lost  oxygen. 

2d.  It  has  gained  carbonic  acid.    And 

8d.  It  has  absorbed  the  vapor  of  water. 

Beside  the  two  latter  substances,  there  are  also  exhaled  with  the 
expired  air  a  very  small  quantity  of  nitrogen,  over  and  above  what 
was  taken  in  with  inspiration,  and  a  little  animal  matter  in  a 
gaseous  form,  which  communicates  a  slight  but  peculiar  odor  to 
the  breath.  The  air  is  also  somewhat  elevated  in  temperature,  by 
contact  with  the  puhnonary  mucous  membrane. 

The  watery  vapor,  which  is  exhaled  with  the  breath,  is  given  off 
by  the  pulmonary  mucous  membrane,  by  which  it  is  absorbed  from 
the  blood.  At  ordinary  temperatures  it  is  transparent  and  invisi- 
ble ;  but  in  cold  weather  it  becomes  partly  condensed,  on  leaving 
the  lungs,  and  appears  under  the  form  of  a  cloudy  vapor  discharged 
with  the  breath.  According  to  the  researches  of  Valentin,  the 
average  quantity  of  water,  exhaled  daily  from  the  lungs,  is  8100 
grains,  or  about  IJ  pounds  avoirdupois. 

By  far  the  most  important  part,  however,  of  the  changes  suffered 
by  the  air  in  respiration,  consists  in  its  loss  of  oxygen,  and  its 
absorption  of  carbonic  acid. 

According  to  the  researches  of  Valentin,  Vierordt,  Regnault  and 

Beiset,  &c.,  the  air  loses  during  respiration,  on  an  average,  five  per 

I  cent,  of  its  volume   of  oxygen.    At  each  inspiration,  therefore, 

'  about  one  cubic  inch  of  oxygen  is  removed  from  the  air  and  ab- 

.  sorbed  by  the  blood ;  and  as  we  have  seen  that  the  entire  daily 

i  quantity  of  air  used  in  respiration  is  about  350  cubic  feet,  the  entire 

i  quantity  of  oxygen  thus  consumed  in  twenty-four  hours  is  not  less 

than  seventeen  and  a  half  cubic  feet.     This  is,  by  weight,  7,134 

grains,  or  a  little  over  one  pound  avoirdupois. 

The  oxygen  which  thus  disappears  from  the  inspired  air  is  not 
entirely  replaced  in  the  carbonic  acid  exhaled ;  that  is,  there  is  less 
oxygen  in  the  carbonic  acid  which  is  returned  to  the  air  by  expira- 
tion than  has  been  lost  during  inspiration. 

There  is  even  more  oxygen  absorbed  than  is  given  off  again  in 
both  the  carbonic  acid  and  aqueous  vapor  together,  which  are 
exhaled  from  the  lungs.^  There  is,  then,  a  constant  disappearance 
of  oxygen  from  the  air  used  in  respiration,  and  a  constant  accumu- 
lation of  carbonic  acid. 

'  L^hmann's  Physiological  Giemistry,  Philada.  ed.,  Tol.  ii.  p.  432. 
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The  pToportion  of  oxygen  whicli  disappears  ia  the  interior  of  the 
body,  over  and  above  that  which  is  returned  in  the  breath  under 
the  form  of  carbonic  acid,  varies  in  different  kinds  of  animals.  In 
the  herbivora,  it  is  about  10  per  cent  of  the  whole  amount  of  oxy- 
gen inspired ;  in  the  camivora,  20  or  25  per  cent  and  even  more. 
It  is  a  very  remarkable  fact,  also,  and  an  important  one,  as  regards 
the  theory  of  respiration,  that,  in  the  same  animal,  the  proportion  of 
oxygen  absorbed,  to  that  of  carbonic  acid  exhaled,  varies  according 
to  the  quality  of  the  food.  In  dogs,  for  instance,  while  fed  on  ani- 
mal food,  according  to  the  experiments  of  Begnault  and  Reiset^  25 
per  cent  of  the  inspired  oxygen  disappeared  in  the  body  of  the 
animal ;  but  when  fed  on  starchy  substances,  all  but  8  per  cent 
reappeared  in  the  expired  carbonic  acid.  It  is  already  evident, 
therefore,  from  these  facts,  that  the  oxygen  of  the  inspired  air  is 
not  altogether  employed  in  the  formation  of  carbonic  acid. 

Changes  in  the  Blood  during  Respiration. — If  we  pass  from 
the  consideration  of  the  changes  produced  in  the  air  by  respiration 
to  those  which  take  place  in  the  blood  during  the  same  process,  we 
find,  as  might  have  been  expected,  that  the  latter  correspond 
inversely  with  the  former.  The  blood,  in  passing  through  the 
lungs,  suffers  the  following  alterations : — 

1st  Its  color  is  changed  from  venous  to  arterial. 

2d.  It  absorbs  oxygen.     And 

3d.  It  exhales  carbonic  acid  and  the  vapor  of  water. 

The  interchange  of  gases,  which  takes  place  during  respiration 
between  the  air  and  the  blood,  is  a  simple  phenomenon  of  absorp- 
tion and  exhalation.  The  inspired  oxygen  does  not,  as  Lavoisier 
once  supposed,  immediately  combine  with  carbon  in  the  lungs,  and 
return  to  the  atmosphere  nnder  the  form  of  carbonic  acid.  On  the 
contrary,  almost  the  first  fact  of  importance  which  has  been  estab- 
lished by  the  examination  of  the  blood  in  this  respect  is  the  fol- 
lowing, viz :  that  carbonic  acid  exists  ready  formed  in  the  venoiis  blood 
l*€fore  its  entrance  into  the  lungs ;  and,  on  the  other  hand,  that  the 
oxygen  which  is  absorbed  during  respiration  passes  off  in  a  free  state 
with  the  arterial  bloocL  The  teal  process,  as  it  takes  place  in  the 
lung,  is,  therefore,  for  the  most  part,  as  follows :  The  blood  comes  to 
the  lungs  already  charged  with  carbonic  acid.  In  passing  through 
the  pulmonary  capillaries,  it  is  exposed  to  the  influence  of  the  air 
in  the  cavity  of  the  pulmonary  cells,  and  a  transudation  of  gases 
takes  place  through  the   moist  animal    membranes  of  the  lung. 
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Since  the  blood  in  the  capillaries  contains  a  larger  proportion  of 
carbonic  acid  than  the  air  in  the  air- vesicles,  a  portion  of  this  gas 
leaves  the  blood  and  passes  out  through  the  pulmonary  membrane ; 
while  the  oxygen,  being  more  abundant  in  the  air  of  the  vesicles 
than  in  the  circulating  fluid,  passes  inward  at  the  same  time,  and  is 
condensed  by  the  blood. 

In  this  double  phenomenon  of  exhalation  and  absorption,  which 
takes  place  in  the  lungs,  both  parts  of  the  process  are  equally 
necessary  to  life.  It  is  essential  for  the  constant  activity  and  nutri- 
tion of  the  tissues  that  they  be  steadily  supplied  with  oxygen  by  the 
blood ;  and  if  this  supply  be  cut  ofiF,  their  functional  activity  ceases. 
On  the  other  hand,  the  carbonic  acid  which  is  produced  in  the  body 
by  the  processes  of  nutrition  becomes  a  poisonous  substance,  if  it 
be  allowed  to  collect  in  large  quantity.  Under  ordinary  circum- 
stances, the  carbonic  acid  is  removed  by  exhalation  through  the 
lungs  as  fast  as  it  is  produced  in  the  interior  of  the  body ;  but  if 
respiration  be  suspended,  or  seriously  impeded,  since  the  production 
of  carbonic  acid  continues,  while  its  elimination  is  prevented,  it 
accumulates  in  the  blood  and  in  the  tissues,  and  terminates  life  in  a 
few  moments,  by  a  rapid  deterioration  of  the  circulating  fluid,  and 
more  particularly  by  its  poisonous  eflect  on  the  nervous  system. 

The  deleterious  effects  of  breathing  in  a  confined  space  will 
therefore  very  soon  become  apparent.  As  respiration  goes  on,  the 
oxygen  of  the  air  constantly  diminishes,  and  the  carbonic  acid, 
mingled  with  it  by  exhalation,  increases  in  quantity.  After  a  time 
the  air  becomes  accordingly  so  poor  in  oxygen  that,  by  that  fact 
alone,  it  is  incapable  of  supporting  life.  At  the  same  time,  the 
carbonic  acid  becomes  so  abundant  in  the  air  vesicles  that  it  pre- 
vents the  escape  of  that  which  already  exists  in  the  blood ;  and  the 
deleterious  effect  of  its  accumulation  in  the  circulating  fluid  is 
added  to  that  produced  by  a  diminished  supply  of  oxygen.  An 
increased  proportion  of  carbonic  acid  in  the  atmosphere  is  therefore 
injurious  in  a  similar  manner,  although  there  may  be  no  diminution 
of  oxygen ;  since  by  its  presence  it  impedes  the  elimination  of  the 
carbonic  acid  already  formed  in  the  blood,  and  induces  the  poison- 
ous effects  which  result  from  its  accumulation. 

Examination  of  the  blood  shows  furthermore  that  the  interchange 
of  gases  in  the  lungs  is  not  complete  but  only  partial  in  its  extent. 
It  results  from  the  experiments  of  Magendie,  Magnus,  and  others, 
that  both  oxygen  and  carbonic  acid  are  contained  in  both  venous 
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and  arterial  blood.  Magnus*  found  that  the  proportion  of  oxygen  ' 
to  carbonic  acid,  by  volume,  in  arterial  blood  was  as  10  to  25 ;  in 
venous  blood  as  10  to  40.  The  venous  blood,  then,  as  it  arrives  at  ' 
the  lungs,  still  retains  a  remnant  of  the  oxygen  which  it  had  pre- 
viously absorbed ;  and  in  passing  through  the  pulmonary  capil- 
laries it  gives  off  only  a  part  of  the  carbonic  acid  with  which  it  has 
become  charged  in  the  general  circulation. 

The  oxygen  and  carbonic  acid  of  the  blood  exist  in  a  state  of 
solution  in  the  circulating  fluid,  and  not  in  a  state  of  intimate  chemi- 
cal combinatioiL  This  is  shown  by  the  fact  that  both  of  these 
substances  may  be  withdrawn  from  the  blood  by  simple  exhaustion 
with  an  air-pump,  or  by  a  stream  of  any  other  indifferent  gas,  such 
as  hydrogen,  which  possesses  sufficient  physical  displacing  power. 
Magnus  found'  that  freshly  drawn  arterial  blood  yielded  by  simple 
agitation  with  carbonic  acid  more  than  10  per  cent,  of  its  volume 
of  oxygen.  The  carbonic  acid  may  also  be  expelled  from  venous 
blood  by  a  current  of  pure  oxygen,  or  of  hydrogen,  or,  in  great 
measure,  by  simple  agitation  with  atmospheric  air.  There  is  some 
diflSculty  in  determining,  however,  whether  the  carbonic  acid  of 
the  blood  be  altogether  in  a  free  state,  or  whether  it  be  partly  in  a 
state  of  loose  chemical  combination  with  a  base,  under  the  form  of 
an  alkaline  bicarbonate.  A  solution  of  bicarbonate  of  soda  itself 
will  lose  a  portion  of  its  carbonic  acid,  and  become  reduced  to  the 
condition  of  a  carbonate  by  simple  exhaustion  under  the  air-pump, 
or  by  agitation  with  pure  hydrogen  at  the  temperature  of  the  body. 
Lehmann  has  found'  that  after  the  expulsion  of  all  the  carbonic 
acid  removable  by  the  air-pump  and  a  current  of  hydrogen,  there 
still  remains,  in  ox's  blood,  0.1628  per  cent,  of  carbonate  of  soda; 
and  he  estimates  that  this  quantity  is  sufficient  to  have  retained  all 
the  carbonic  acid,  previously  given  oflF,  in  the  form  of  a  bicarbonate. 
It  makes  little  or  no  difference,  however,  so  far  as  regards  the  pro- 
cess of  respiration,  whether  the  carbonic  acid  of  the  blood  exist  in 
an  entirely  free  state,  or  under  the  form  of  an  alkaline  bicarbonate ; 
since  it  may  be  readily  removed  from  this  combination,  at  the  tem- 
])erature  of  the  body,  by  contact  with  an  indifferent  gas. 

The  oxygen  and  carbonic  acid  of  the  blood  are  in  solution  prin- 
cipally in  the  blood- globules,  and  not  in  the  plasma.  The  researches 
of  Magnus  have  shown*  that  the  blood  holds  in  solution  2  J  times 

'  In  Lehmnnn,  op.  oit.,  vol.  i.  p.  570. 

*  In  Robin  and  Verdeil,  op.  cit.,  vol.  ii.  p.  34. 

»  Op.  clt.,  vol   i.  p.  393. 

«  In  Robin  and  VerdeU,  op.  cit.,  vol.  ii.  pp.  28—32. 
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as  much  oxygen  as  pure  water  could  dissolve  at  the  same  tempera- 
ture ;  and  that  while  the  serum  of  the  blood,  separated  from  the 
globules,  exerts  no  more  solvent  power  on  oxygen  than  pure  water, 
defibrinated  blood,  that  is,  the  serum  and  globules  mixed,  dissolves 
quite  as  much  oxygen  as  the  fresh  blood  itself.  The  same  thing  is 
true  with  regard  to  the  carbonic  acid.  It  is  therefore  the  semi- 
fluid blood-globules  which  retain  these  two  gases  in  solution;  and 
since  the  color  of  the  blood  depends  entirely  upon  that  of  the  glo- 
bules, it  is  easy  to  understand  why  the  blood  should  alter  its  hue 
from  purple  to  scarlet  in  passing  through  the  lungs,  where  the 
globules  give  up  carbonic  acid,  and  absorb  a  fresh  quantity  of 
oxygen.  The  above  change  may  readily  be  produced  outside  the 
body.  If  freshly  drawn  venous  blood  be  shaken  in  a  bottle  with 
pure  oxygen,  its  color  changes  at  once  from  purple  to  red ;  and  the 
same  change  will  take  place,  though  more  slowly,  if  the  blood  be 
simply  agitated  with  atmospheric  air.  It  is  for  this  reason  that  the 
surface  of  defibrinated  venous  blood,  and  the  external  parts  of  a 
dark-colored  clot,  exposed  to  the  atmosphere,  become  rapidly  red- 
dened, while  the  internal  portions  retain  their  original  color. 

The  process  of  respiration,  so  far  as  we  have  considered  it,  con- 
sists in  an  alternate  interchange  of  carbonic  acid  and  oxygen  in  the 
blood  of  the  general  and  pulmonary  circulations.  In  the  pulmonary 
circulation,  carbonic  acid  is  given  off  and  oxygen  absorbed ;  while 
in  the  general  circulation  the  oxygen  gradually  disappears,  and  is 
replaced,  in  the  venous  blood,  by  carbonic  acid.  The  oxygen  which 
thus  disappears  from  the  blood  in  the  general  circulation  does  not, 
for  the  most  part,  enter  into  direct  combination  in  the  blood  itself. 
On  the  contrary,  it  exists  there,  as  we  have  already  stated,  in  the 
form  of  a  simple  solution.  It  is  absorbed,  however,  from  the  blood 
of  the  capillary  vessels,  and  becomes  fixed  in  the  substance  of  the 
vascular  tissues.  The  blood  may  be  regarded,  therefore,  in  this 
respect,  as  a  circulating  fluid,  destined  to  transport  oxygen  from  the 
lungs  to  the  tissues ;  for  it  is  the  tissues  themselves  which  finally 
appropriate  the  oxygen,  and  fix  it  in  their  substance. 

The  next  important  question  which  presents  itself  in  the  study 
of  the  respiratory  process  relates  to  the  origin  of  the  carbonic  acid  in 
the  venous  hlwd.  It  was  formerly  supposed,  when  Lavoisier  first 
discovered  the  changes  produced  in  the  air  by  respiration,  that  the 
production  of  the  carbonic  acid  could  be  accounted  for  in  a  very 
simple  uumnor.     It  was  thought  to  be  produced  in  the  lungs  by  a 
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direct  union  of  the  inspired  oxygen  with  the  carbon  of  the  blood 
in  the  pulmonary  vessels.  It  was  found  afterward,  however,  that 
this  could  not  be  the  case ;  since  carbonic  acid  exists  already  formed 
in  the  blood,  previously  to  its  entrance  into  the  lungs.  It  was  then 
imagined  that  the  oxidation  of  carbon,  and  the  consequent  produc- 
tion of  carbonic  acid,  took  place  in  the  capillaries  of  the  general 
circulation,  since  it  could  not  be  shown  to  take  place  in  the  lungs, 
nor  between  the  lungs  and  the  capillaries.  The  truth  is,  however» 
that  no  direct  evidence  exists  of  such  a  direct  oxidation  taking 
place  anywhere.  The  formation  of  carbonic  acid,  as  it  is  now 
understood,  takes  place  in  three  different  modes :  1st,  in  the  lungs ; 
2d,  in  the  blood ;  and  3d,  in  the  tissues. 

First,  in  the  lungs.  There  exists  in  the  pulmonary  tissue  a  pecu- 
liar acid  substance,  first  described  by  VerdeiP  under  the  name  of 
•'  pneumic"  or  "  pulmonic"  acid.  It  is  a  crystallizable  body,  soluble 
in  water,  which  is  produced  in  the  substance  of  the  pulmonary 
tissue  by  transformation  of  some  of  its  other  ingredients,  in  the 
same  manner  as  sugar  is  produced  in  the  tissue  of  the  liver.  It  is 
on  account  of  the  presence  of  this  substance  that  the  fresh  tissue  of 
the  lung  has  usually  an  acid  reaction  to  test-paper,  and  that  it  has 
also  the  property,  which  has  been  noticed  by  several  observers,  of 
decomposing  the  metallic  cyanides,  with  the  production  of  hydro- 
cyanic acid ;  a  property  not  possessed  by  sections  of  areolar  tissue, 
the  internal  surface  of  the  skin,  &c.  &c.  When  the  blood,  there- 
fore, comes  in  contact  with  the  pulmonary  tissue,  which  is 
permeated  everywhere  by  pneumic  acid  in  a  soluble  form,  its 
alkaline  carbonates  and  bicarbonates,  if  any  be  present,  are  decom- 
posed with  the  production  on  the  one  hand  of  the  pneumates  of 
soda  and  potassa,  and  on  the  other  of  free  carbonic  acid,  which  is 
exhaled.  M.  Bernard  has  found"  that  if  a  solution  of  bicarbonate 
of  soda  be  rapidly  injected  into  the  jugular  vein  of  a  rabbit,  it 
becomes  decomposed  in  the  lungs  with  so  rapid  a  development  of 
carbonic  acid,  that  the  gas  accumulates  in  the  pulmonary  tissue, 
and  even  in  the  pulmonary  vessels  and  the  cavities  of  the  heart,  to 
such  an  extent  as  to  cause  immediate  death  by  stoppage  of  the 
circulation.  In  the  normal  condition,  however,  the  carbonates  and 
bicarbonates  of  the  blood  arrive  so  slowly  at  the  lungs  that  as  fast 
as  they  are  decomposed  there,  the  carbonic  acid  is  readily  exhaled 
by  expiration,  and  produces  no  deleterious  effect  on  the  circulation. 

*  Rohin  and  VerHeil.  op.  oit.,  vol.  il.  p.  460. 

*  Archives  G6u.  de  Med.,  zvi.  222. 
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Secondly,  in  the  bfood.  There  is  little  doubt;  althougli  the  fact  has 
not  been  directly  proved,  that  some  of  the  oxygen  definitely  dis- 
appears, and  some  of  the  carbonic  acid  is  also  formed,  in  the  sub- 
stance of  the  blood-globules  during  their  circulation.  Since  these 
globules  are  anatomical  elements,  and  since  they  undoubtedly  go 
through  with  nutritive  processes  analogous  to  those  which  take 
place  in  the  elements  of  the  solid  tissues,  there  is  every  reason  for 
believing  that  they  also  require  oxygen  for  their  support,  and  that 
they  produce  carbonic  acid  as  one  of  the  results  of  their  interstitial 
decomposition.  While  the  oxygen  and  carbonic  acid,  therefore, 
contained  in  the  globules,  are  for  the  most  part  transported  by 
these  bodies  from  the  lungs  to  the  tissues,  and  from  the  tissues  back 
again  to  the  lungs,  they  probably  take  part,  also,  to  a  certain  extent, 
in  the  nutrition  of  the  blood-globules  themselves. 

Thirdly,  in  the  tissties.  This  is  by  far  the  most  important  source 
of  the  carbonic  acid  in  the  blood.  From  the  experiments  of  Spal- 
lanzani,  W.  Edwards,  Marchand  and  others,  the  following  very 
important  fact  has  been  established,  viz.,  that  every  organized  tissue 
and  even  every  organic  stibstance,  when  in  a  recent  condition,  has  the 
power  of  absorbing  oxygen  and  of  exhaling  carbonic  acid.  G.  Liebig, 
for  example,'  found  that  frog's  muscles,  recently  prepared  and  com- 
pletely freed  from  blood,  continued  to  absorb  oxygen  and  discharge 
carbonic  acid.  Similar  experiments  with  other  tissues  have  led 
to  a  similar  result.  The  interchange  of  gases,  therefore,  in  the 
process  of  respiration,  takes  place  mostly  in  the  tissues  themselves. 
It  is  in  their  substance  that  the  oxygen  becomes  fixed  and  assimi- 
lated, and  that  the  carbonic  acid  takes  its  origin.  As  the  blood  in 
the  lungs  gives  up  its  carbonic  acid  to  the  air,  and  absorbs  oxygen 
from  it,  so  in  the  general  circulation  it  gives  up  its  oxygen  to  the 
tissues,  and  absorbs  from  them  carbonic  acid. 

We  come  lastly  to  examine  the  exact  mode  by  which  the  car- 
bonic acid  originates  in  the  animal  tissues.  Investigation  shows 
that  even  here  it  is  not  produced  by  a  process  of  oxidation,  or  direct 
union  of  oxygen  with  the  carbon  of  the  tissues,  but  in  some  other  and  more 
indirect  mode.  This  is  proved  by  the  fact  that  animals  and  fresh 
animal  tissues  will  continue  to  exhale  carbonic  acid  in  an  atmo- 
sphere of  hydrogen  or  of  nitrogen,  or  even  when  placed  in  a  vacuum. 
Marchand  found'  that  frogs  would  live  for  from  half  an  hour  to  an 
hour  in  pure  hydrogen  gas ;  and  that  during  this  time  they  exhaled 
even  more  carbonic  acid  than  in  atmospheric  air,  owing  probably 

'  In  Lehmann,  op.  cit.,  vol.  ii.  p.  474.  <  Ibid.,  p.  442. 
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to  the  superior  displacing  power  of  hydrogen  for  carbonic  acid, 
f'or  while  15,500  grains'  weight  of  frogs  exhaled  about  1.13  grain 
of  carbonic  acid  per  hour  in  atmospheric  air,  they  exhaled  during 
the  same  time  in  pure  hydrogen  as  much  as  4.07  grains.  The  same 
observer  found  that  frogs  would  recover  on  the  admission  of  air 
after  remaining  for  nearly  half  an  hour  in  a  ^nearly  complete 
vacuum ;  and  that  if  they  were  killed  by  total  abstraction  of  the 
air,  15,500  grains'  weight  of  the  animals  were  found  to  have 
eliminated  9.3  grains  of  carbonic  acid.  The  exhalation  of  carbonic 
acid  by  the  tissues  does  not>  therefore,  depend  directly  upon  the 
access  of  free  oxygen.  It  cannot  go  on,  it  is  true,  for  an  indefinite 
time,  any  more  than  the  other  vital  processes,  without  the  presence 
of  oxygen.  But  it  may  continue  long  enough  to  show  that  Hhe 
carbonic  acid  exhaled  is  not  a  direct  product  of  oxidation,  but  that 
it  originates,  on  the  contrary,  in  all  probability,  by  a  decomposi- 
tion of  the  organic  ingredients  of  the  tissues,  resulting  in  the  pro- 
duction of  carbonic  acid  on  the  one  hand,  and  of  various  other 
substances  on  the  other,  with  which  we  are  not  yet  fully  acquainted ; 
in  very  much  the  same  manner  as  the  decomposition  of  sugar 
during  fermentation  gives  rise  to  alcohol  on  the  one  hand  and  to 
carbonic  acid  on  the  other.  The  fermentation  of  sugar,  when  it  has 
once  commenced,  does  not  require  the  continued  access  of  air.  It 
will  go  on  in  an  atmosphere  of  hydrogen,  or  even  when  confined  in  \ 
a  close  vessel  over  mercury;  since  its  carbonic  acid  is  not  produced  \ 
by  direct  oxidation,  but  by  a  decomposition  of  the  sugar  already 
present.  For  the  same  reason,  carbonic  acid  will  continue  to  be  / 
exhaled  by  living  or  recently  dead  animal  tissues,  even  in  an  atmo-  | 
sphere  of  hydrogen,  or  in  a  vacuum. 

Carbonic  acid  makes  its  appearance,  accordingly,  in  the  tissues, 
as  one  product  of  their  decomposition  in  the  nutritive  process. 
From  them  it  is  taken  up  by  the  blood,  either  in  simple  solution  or 
in  loose  combination  as  a  bicarbonate,  transported  by  the  circulation 
to  the  lungs,  and  finally  exhaled  from  the  pulmonary  mucous  mem- 
brane in  a  gaseous  form. 

The  carbonic  acid  exhaled  from  the  lungs  should  accordingly  be 
studied  by  itself  as  one  of  the  products  of  the  animal  organism,  and 
its  quantity  ascertained  in  the  diflFerent  physiological  conditions  of 
the  body.  The  expired  air  usually  contains  about  four  per  cent,  off 
its  volume  of  carbonic  acid.  According  to  the  researches  of  Vier-| 
ordt,'  which  are  regarded  as  the  most  accurate  on  this  subject,  an 

*  Id  LeUmann,  op.  cit.,  vol.  ii.  p.  439. 
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adult  man  gives  off  1.62  cubic  inch  of  carbonic  acid  with  each  nor- 
mal expiration.  This  amounts  to  very  nearly  1,150  cubic  inches 
per  hour;  or  fifteen  and  a  half  cubic  feet  per  day.  This  quantity 
is,  by  weight,  10,740  grains,  or  a  little  over  one  pound  and  a  half. 
The  amount  of  carbonic  acid  exhaled,  however,  varies  from  time  to 
time,  according  to  many  different  circumstances ;  so  that  no  such 
estimate  can  represent  correctly  its  quantity  at  all  times.  These 
variations  have  been  very  fully  investigated  by  Andral  and  Gavar- 
ret>'  who  found  that  the  principal  conditions  modifying  the  amount 
of  this  gas  produced  were  age,  sex,  constitution  and  development. 
The  variations  were  very  marked  in  different  individuals,  notwith- 
standing that  the  experiments  were  made  at  the  same  period  of  the 
da^,  and  with  the  subject  as  nearly  as  possible  in  the  same  condi- 
tion. Thus  they  found  that  the  quantity  of  carbonic  acid  exhaled 
per  hour  in  five  different  individuals  was  as  follows : — 

Qdantitt  op  Cabboitic  Acid  peb  houb. 

In  sabject  No.  1 1207  cubic  inches. 

******    2         .•••        .        970      **         ** 

*«        "        «*    3 1250      "         ** 

•«        "        ««    4 1260      "         ** 

«        ««        «    5 1691      "         " 

With  regard  to  the  difference  produced  by  age,  it  was  found  that 
from  the  period  of  eight  years*  up  to  puberty  the  quantity  of  car- 
bonic acid  increases  constantly  with  the  age.  Thus  a  boy  of  eight 
years  exhales,  on  the  average,  564  cubic  inches  per  hour ;  while  a 
boy  of  fifteen  years  exhales  981  cubic  inches  in  the  same  time. 
Boys  exhale  during  this  period  more  carbonic  acid  than  girls  of  the 
same  age.  In  males  this  augmentation  of  the  quantity  of  carbonic 
acid  continues  till  the  twenty -fifth  or  thirtieth  year,  when  it  reaches, 
on  the  average,  1398  cubic  inches  per  hour.  Its  quantity  then 
remains  stationary  for  ten  or  fifteen  years ;  then  diminishes  slightly 
from  the  fortieth  to  the  sixtieth  year;  and  after  sixty  years  dimi- 
nishes in  a  marked  degree,  so  that  it  may  fall  so  low  as  1038  cubic 
inches.  In  one  superannuated  person,  102  years  of  age,  Andral 
and  Gavarret  found  the  hourly  quantity  of  carbonic  acid  to  be 
only  665  cubic  inches. 

In  women,  the  increase  of  carbonic  acid  ceases  at  the  period  of 
puberty;  and  its  production  then  remains  constant  until  the  cessa- 
tion of  menstruation,  about  the  fortieth  or  forty-fifth  year.  At  that 
time  it  increases  again  until  after  fifty  years,  when  it  subsequently 

I  Annates  de  Chimie  et  de  PUannacie,  1843,  vol.  viii.  p.  129. 
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diminishes  with  the  approach  of  old  age,  as  in  men.  Pregnancy, 
occurring  at  any  time  in  the  above  period,  immediately  produces  a 
temporary  increase  in  the  quantity  of  carbonic  acid. 

The  strength  of  the  constitution,  and  more  particularly  ilie  deve- 
hpmerU  of  the  muscular  systtm,  was  found  to  have  a  very  great  in- 
fluenoe  in  this  respect ;    increasing  the  quantity  of  carbonic  acid 
very  much  in  proportion  to  the  weight  of  the  individual.    The 
largest  production  of  carbonic  acid  observed  was  in  a  young  man, 
26  years  of  age,  whose  frame  presented  a  remarkably  vigorous  and 
athletic  development,  and  who  exhaled  1591  cubic  inches  per  hour. 
This  large  quantity  of  carbonic  acid,  moreover,  in  well  developed 
persons,  is  not  owing  simply  to  the  size  of  the  entire  body,  but ' 
particularly  to  the  development  of  the  muscular  system,  since  an- 
unusually  large  skeleton,  or  an  abundant  deposit  of  adipose  tissue,  \ 
is  not  accompanied  by  any  such  increase  of  the  carbonic  acid.         ' 

Andral  and  Gavarret  finally  sum  up  the  results  of  their  investiga- 
tions as  follows : — 

1.  The  quantity  of  carbonic  acid  exhaled  from  the  lungs  in  a  given 
time  varies  with  the  age,  the  sex,  and  the  constitution  of  the  subject. 

2.  In  the  male,  as  well  as  in  the  female,  the  quantity  of  carbonic 
acid  varies  according  to  the  age ;  and  that  independently  of  the 
weight  of  the  individual  subjected  to  experiment. 

3.  During  all  the  periods  of  life,  from  that  of  eight  years  up  to 
the  most  advanced  age,  the  male  and  female  may  be  distinguished 
by  the  different  quantities  of  carbonic  acid  which  they  exhale  in  a 
given  time.  Other  things  being  equal,  the  male  exhales  always  a 
larger  quantity  than  the  female.  This  difference  is  particularly 
marked  between  the  ages  of  16  and  40  years,  during  which  period 
the  male  usually  exhales  twice  as  much  carbonic  acid  as  the  female. 

4.  In  the  male,  the  quantity  of  carbonic  acid  increases  constantly 
from  eight  to  thirty  years ;  and  the  rate  of  this  increase  undergoes 
a  rapid  augmentation  at  the  period  of  puberty.  Beyond  thirty 
years  the  exhalation  of  carbonic  acid  begins  to  decrease,  and  its 
diminution  is  more  marked  as  the  individual  approaches  extreme 
old  age,  so  that  near  the  termination  of  life,  the  quantity  of  carbonic 
acid  produced  may  be  no  greater  than  at  the  age  of  ten  years. 

5.  In  the  female,  the  exhalation  of  carbonic  acid  increases  accord- 
ing to  the  same  law  as  in  the  male,  from  the  age  of  eight  years 
until  puberty.  But  at  the  period  of  puberty,  at  the  same  time  with 
the  appearance  of  menstruation,  the  exhalation  of  carbonic  acid. 
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contrary  to  what  happens  in  the  male,  ceases  to  increase ;  and  it 
afterward  remains  stationary  so  long  as  the  menstrual  periods  recur 
with  regularity.  At  the  cessation  of  the  menses,  the  quantity  of 
carbonic  acid  exhaled  increases  in  a  notable  manner ;  then  it  de- 
creases again,  as  in  the  male,  as  the  woman  advances  toward  old  age. 

6.  During  the  whole  period  of  pregnancy,  the  exhalation  of  car- 
bonic acid  rises,  for  the  time,  to  the  same  standard  as  in  women 
whose  menses  have  ceased. 

7.  In  both  sexes,  and  at  all  ages,  the  quantity  of  carbonic  acid  is 
greater  as  the  constitution  is  stronger,  and  the  muscular  system 
more  fully  developed. 

Prof.  Scharling,  in  a  similar  series  of  investigations,*  found  that 
the  quantity  of  carbonic  acid  exhaled  was  greater  during  the  diges- 
tion of  food  than  in  the  fasting  condition.  It  is  greater,  also,  in  the 
waking  state  than  during  sleep ;  and  in  a  state  of  activity  than  in 
\  one  of  quietude.  It  is  diminished,  also,  by  fatigue,  and  by  most 
conditions  which  interfere  with  perfect  health. 

The  process  of  respiration  is  not  altogether  confined  to  the  lungs, 
but  the  interchange  of  gases  takes  place,  also,  to  some  extent  through 
the  skin.  It  has  been  found,  by  inclosing  one  of  the  limbs  in  an 
air-tight  case,  that  the  air  in  which  it  is  confined  loses  oxygen  and 
gains  in  carbonic  acid.  By  an  experiment  of  this  sort,  performed  by 
Prof.  Scharling,*  it  was  ascertained  that  the  carbonic  acid  given  off 
from  the  whole  cutaneous  surface,  in  the  human  subject,  is  from 
one-sixtieth  to  one-thirtieth  of  that  discharged  during  the  same 
:  period  from  the  lungs.  In  the  true  amphibious  animals,  that  is, 
'  those  which  breathe  by  lungs,  and  can  yet  remain  under  water  for 
an  indefinite  period  without  injury  (as  frogs,  and  salamanders),  the 
respiratory  function  of  the  skin  is  very  active.  In  these  animals, 
the  integument  is  very  vascular,  moist,  and  flexible ;  and  is  covered, 
not  with  dry  cuticle,  but  with  a  very  thin  and  delicate  layer  of 
epithelium.  It,  therefore,  presents  all  the  conditions  necessary  for 
the  accomplishment  of  respiration ;  and  while  the  animal  remains 
beneath  the  surface,  and  the  lungs  are  in  a  state  of  inactivity,  the 
exhalation  and  absorption  of  gases  continue  to  take  place  through 
the  skin,  and  the  process  of  respiration  goes  on  in  a  nearly  unin- 
terrupted manner. 

'  Annales  de  Chimie  et  de  Pharmacie,  vol.  viii.  p.  490. 

2  lu  Carpenter'8  Human  Phjrsiologjr,  Philada.  ed.,  1855,  p.  308. 
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One  of  the  most  important  phenomena  presented  by  animals  and 
vegetables  is  the  property  which  they  possess  of  maintaining,  more 
or  less  constantly,  a  standard  temperature,  notwithstanding  the 
external  vicissitudes  of  heat  and  cold  to  which  they  may  l>e  sub- 
jected. If  a  bar  of  iron,  or  a  jar  of  water,  be  heated  up  to  100°  or 
200°  F.,  and  then  exposed  to  the  air  at  50°  or  60°,  it  will  imme- 
diately begin  to  lose  heat  by  radiation  and  conduction ;  and  this 
loss  of  heat  will  steadily  continue,  until,  after  a  certain  time,  the 
temperature  of  the  heated  body  has  become  reduced  to  that  of  the 
surrounding  atmosphere.  It  then  remains  stationary  at  this  point, 
unless  the  temperature  of  the  atmosphere  should  happen  to  rise  or 
&11 :  in  which  case,  a  similar  change  takes  place  in  the  inorganic 
body,  its  temperature  remaining  constant,  or  varying  with  that  of 
the  surrounding  medium. 

With  living  animals  the  case  is  different.  If  a  thermometer  be 
introduced  into  the  stomach  of  a  dog,  or  placed  under  the  tongue 
of  the  human  subject,  it  will  indicate  a  temperature  of  100°  F.,  very 
nearly,  whatever  may  be  the  condition  of  the  surrounding  atmo- 
sphere at  the  time.  This  internal  temperature  is  the  same  in  sum- 
mer and  in  winter.  If  the  individual  upon  whom  the  experiment 
has  been  tried  be  afterward  exposed  to  a  cold  of  zero,  or  even  of  20® 
or  30°  below  zero,  the  thermometer  introduced  into  the  interior  of 
the  body  will  still  stand  at  100°  F.  As  the  body,  during  the  whole 
period  of  its  exposure,  must  have  been  losing  heat  by  radiation  and 
conduction,  like  any  inorganic  mass,  and  has,  notwithstanding,  main- 
tained a  constant  temperature,  it  is  plain  that  a  certain  amount  of 
heat  has  been  generated  in  the  interior  of  the  body  by  means  of  the 
vital  processes,  sufficient  to  compensate  for  the  external  loss.  The 
internal  heat,  so  produced,  is  known  by  the  name  of  vital  or  animal 
heat,' 

There  are  two  classes  of  animals  in  which  the  production  of  vital 
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heat  takes  place  with  such  activity  that  their  blood  and  internal 
organs  are  nearly  always  very  much  above  the  external  temper- 
ature;  and  which  are  therefore  called  "warm-blooded  animals." 
These  are  mammalia  and  birds.    Among  the  birds,  some  species, 
as  the  gull,  have  a  temperature  as  low  as  100°  F. ;  but  in  most  of 
them,  it  is  higher,  sometimes  reaching  as  high  as  110°  or  111°.    In 
the  mammalians,  to  which  class  man  belongs,  the  animal  tempera- 
ture is  never  far  from  100°.     In  the  seal  and  the  Greenland  whale, 
it  has  been  found  to  be  104° ;  and  in  the  porpoise,  which  is  an  air- 
breathing  animal,  99°.6.    In  the  human  subject  it  is  98°  to  100°. 
When  the  temperature  of  the  air  is  below  this,  the  external  parts 
of  the  body,  being  most  exposed  to  the  cooling  influences  of  radia- 
tion and  conduction,  fall  a  little  below  the  standard,  and  may  indi- 
cate a  temperature  of  97°,  or  even  several  degrees  below  this  point. 
Thus,  on  a  very  cold  day,  the  thinner  and  more  exposed  parts,  such 
as  the   nose,  the  ears,  and  the  ends  of  the  fingers^  may  become 
cooled  down  considerably  below  the  standard  temperature,  and  may 
even  be  congealed,  if  the  cold  be  severe ;  bat  the  temperature  of 
the  internal  organs  and  of  the  blood  still  remains  the  same  under 
all  ordinary  exposures. 

If  the  cold  be  so  intense  and  long  continued  as  to  affect  the 
general  temperature  of  the  blood,  it  at  once  becomes  fatal.  It  has 
been  found  that  although  a  warm-blooded  animal  usually  preserves 
its  natural  temperature  when  exposed  to  external  cold,  yet  if  the 
actual  temperature  of  the  blood  become  reduced  by  any  means 
more  than  5°  or  6°  below  its  natural  standard,  death  inevitably 
results.  The  animal,  under  these  circumstances,  gradually  becomes 
torpid  and  insensible,  and  all  the  vital  operations  finally  cease. 
Birds,  accordingly,  whose  natural  temperature  is  about  110°,  die  if 
the  blood  be  cooled  down  to  100°,  which  is  the  natural  temperature 
of  the  mammalia ;  and  the  mammalians  die  if  their  blood  be  cooled 
down  below  94°  or  95°.  Each  of  these  different  classes  has  there- 
fore a  natural  temperature,  at  which  the  blood  must  be  maintained 
in  order  to  sustain  life ;  and  even  the  different  species  of  animals, 
belonging  to  the  same  class,  have  each  a  specific  temperature  which 
is  characteristic  of  them,  and  which  cannot  be  raised  or  lowered,  to 
any  considerable  extent,  without  producing  death. 

While  in  the  birds  and  mammalians,  however,  the  internal  pro- 
duction of  heat  is  so  active,  that  their  temperature  is  nearly  always 
considerably  above  that  of  the  surrounding  media,  and  suffers  but 
little  variation ;  in  reptiles  and  fish,  on  the  other  hand,  its  produc- 
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tion  is  much  less  rapid,  and  the  temperature  of  their  bodies  diflfers 
but  little  from  that  of  the  air  or  water  which  they  inhabit.  Birds 
and  mammalians  are  therefore  called  "  warm-blooded,"  and  reptiles 
and  fish  "  cold-blooded"  animals.  There  is,  however,  no  other  dis- 
tinction between  them,  in  this  respect^  than  one  of  degree.  In 
reptiles  and  fish  there  is  also  an  internal  source  of  heat ;  only  this 
is  not  so  active  as  in  the  other  classes.  Even  in  these  animals  a 
difference  is  usually  found  to  exist  between  the  temperature  of  their 
bodies  and  that  of  the  surrounding  media.  John  Hunter,  Sir 
Humphrey  Davy,  Czermak,  and  others,'  have  found  the  temperature 
of  Proteus  anguinus  to  be  63®.5,  when  that  of  the  air  was  55°.4 ; 
that  of  a  frog  48",  in  water  at  44^.4 ;  that  of  a  serpent  88°.46,  in 
air  at  81°.5 ;  that  of  a  tortoise  84°,  in  air  at  79^.6 ;  and  that  of  fish 
to  be  from  1^.7  to  2°.5  above  that  of  the  surrounding  water. 

The  following  list*  shows  the  mean  temperature  belonging  to 
animals  of  different  classes  and  species. 


BiBINB. 


Mammalia. 


Rbftilb. 


Pisn. 


Animal. 
r  Swallow 
Heron 
Raven 
Pigeon 
Fowl 
OuU 

Squirrel 

Goat 

Cat 

Hare 

Ox 

Dog 

Man 

Ape 

Toad 


{ 


Carp 
Tench 


MsAir  Tbmpbbatubb. 
1110.26 
1110.2 
108O.6 
107O.6 
106O.7 
lOOO.O 

105O 
102O.5 
101O.3 
100O.4 

990. 5 

990.4 

980.6 

950.9 

610.6 

610.25 
620.10 


In  the  invertebrate  animals,  as  a  general  rule,  the  internal  heat 
is  produced  in  too  small  quantity  to  be  readily  estimated.  In  some 
of  the  more  active  kinds,  however,  such  as  insects  and  arachnida, 
it  is  occasionally  generated  with  such  activity  that  it  may  be 
appreciated  by  the  thermometer.  Thus,  the  temperature  of  the 
butterfly,  when  in  a  state  of  excitement,  is  from  5°  to  9°  above 
that  of  the  air ;  and  that  of  the  humble-bee  from  3°  to  10°  higher 


*  Simon's  Chpmistrr  of  Man,  Philadelphia  edition,  p.  124. 
»  Ibid.,  pp.  123—126. 
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than  the  exterior.  According  to  the  experiments  of  Mr.  Newport/ 
the  interior  of  a  hive  of  bees  may  have  a  temperature  of  48°.5. 
when  the  external  atmosphere  is  at  84°.5,  even  while  the  insects 
are  quiet ;  but  if  they  be  excited,  by  tapping  on  the  outside  of  the 
hive,  it  may  rise  to  102°.  In  all  cases>  while  the  insect  is  at  rest, 
the  temperature  is  very  moderate ;  but  if  kept  in  rapid  motion  in 
a  confined  space,  it  may  generate  heat  enough  to  aflectr  the  thermo- 
meter sensibly,  in  the  course  of  a  few  minutes. 

Even  in  vegetables  a  certain  degree  of  heat-producing  power  is 
occasionally  manifest.  Usually,  the  exposed  surface  of  a  plant  is 
so  extensive  in  proportion  to  its  mass,  that  whatever  caloric  may 
be  generated  is  too  rapidly  lost  by  radiation  and  evaporation,  to  be 
appreciated  by  ordinary  means.  Under  some  circumstances,  how- 
ever, it  may  accumulate  to  such  an  extent  as'  to  become  readily 
perceptible.  In  the  process  of  malting,  for  example,  when  a  large 
quantity  of  germinating  grain  is  piled  together  in  a  mass,  its  ele- 
vated temperature  may  be  readily  distinguished,  both  by  the  hand 
and  the  thermometer.  During  the  flowering  process,  also,  an  un- 
usual evolution  of  heat  takes  place  in  plants.  The  flowers  of  the 
geranium  have  been  found  to  have  a  temperature  of  87°,  while 
that  of  the  air  was  81°;  and  the  thermometer,  placed  in  the  centre 
of  a  clump  of  blossoms  of  arum  cordifolium,  has  been  seen  to  rise 
to  111°,  and  even  121°,  while  the  temperature  of  the  external  air 
was  only  66°.* 

Dutrochet  has  moreover  found,  by  a  series  of  very  ingenious  and 
delicate  experiment,^  that  nearly  all  parts  of  a  living  plant  gene- 
rate a  certain  amount  of  heat.  The  proper  heat  of  the  plant  is 
usually  so  rapidly  dissipated  by  the  continuous  evaporation  of  its 
fluids,  that  it  is  mostly  imperceptible  by  ordinary  means ;  but  if 
this  evaporation  be  prevented,  by  keeping  the  air  charged  with 
watery  vapor,  the  heat  becomes  sensible  and  can  be  appreciated  by 
a  delicate  thermometer.  Dutrochet  used  for  this  purpose  a  thermo- 
electric apparatus,  so  constructed  that  an  elevation  of  temperature 
of  1°  F.,  in  the  substances  examined,  would  produce  a  deviation  in 
the  needle  of  nearly  nine  degrees.  By  this  means  he  found  that  he 
could  appreciate,  without  difficulty,  the  proper  temperature  of  the 
plant.     A  certain  amount  of  heat  was  constantly  generated,  during 

'  CarpeTiter*s  General  and  Comparative  Physiology,  Philadelphia,  1851,  p.  852. 

*  Carpenter*B  Gen.  and  Comp.  Physiology,  p.  846. 

'  Annalea  des  Sciences  Naturelles,  2d  series,  xii.  p.  277. 
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the  day,  in  the  green  BtteuiB,  the  leaves,  the  buds,  and  even  the 
roots  and  fruit  The  maximum  temperature  of  these  parts,  above 
that  of  the  surrounding  atmosphere,  was  sometimes  a  little  over 
one-half  a  degree  Fahrenheit;  though  it  was  often  oonsiderably 
less  than  this. 

The  different  parts  of  the  vegetable  fistbrio,  therefore^  generate 
different  quantities  of  caloric.  In  the  same  manner,  the  hea^ 
producing  power  is  not  equally  active  in  different  species  of  ani- 
mals; but  its  existence  is  nevertheless  common  to  both  animals 
and  vegetables. 

With  regard  to  the  made  of  generation  of  this  internal  or  vital 
heat,  we  may  start  with  the  assertion  that  its  production  depends 
upon  changes  of  a  chemical  nature,  and  is  so  far  to  be  regarded  as 
a  chemical  phenomenon.  The  sources  of  heat  which  we  meet  with 
in  external  nature  are  of  various  kinds.  Sometimes  the  heat  is  of 
a  physical  origin ;  as,  for  example,  that  derived  from  the  rays  of 
the  sun,  the  friction  of  solid  substances,  or  the  passage  of  electric 
currents.  In  other  instances  it  is  produced  by  chemical  changes : 
and  the  most  abundant  and  useful  source  of  artificial  heat  is  the 
oxidation,  or  combustion,  of  carbon  and  carbonaceous  compounds. 
Wood  and  coal,  substances  rich  in  carbon,  are  mostly  used  for  this 
purpose ;  and  charcoal,  which  is  nearly  pure  carbon,  is  frequently 
employed  by  itself.  These  substances,  when  burnt,  or  oxidized, 
evolve  a  large  amount  of  heat ;  and  produce,  as  the  result  of  their 
oxidation,  carbonic  acid.  In  order  that  the  process  may  go  on,  it 
is  of  course  necessary  that  oxygen,  or  atmospheric  air,  should  have 
free  access  to  the  burning  body;  otherwise  the  combustion  and 
evolution  of  heat  cease,  for  want  of  a  necessary  agent  in  the  chemi- 
cal combination.  In  all  these  instances,  the  quantity  of  heat  gene- 
rated is  in  direct  proportion  to  the  amount  of  oxidation;  and  may 
be  measured,  either  by  the  quantity  of  carbon  consumed,  or  by  that 
of  carbonic  acid  produced.  It  may  be  made  to  go  on,  also,  either 
rapidly  or  slowly,  according  to  the  abundance  and  purity  in  which 
oxygen  is  supplied  to  the  carbonaceous  substance.  Thus,  if  char- 
coal be  ignited  in  an  atmosphere  of  pure  oxygen,  it  bums  rapidly 
and  violently,  raises  the  temperature  to  a  high  point,  and  is  soon 
entirely  consumed.  On  the  other  hand,  if  it  be  shut  up  in  a  close 
stove,  to  which  the  air  is  admitted  but  slowly,  it  produces  only  a 
slight  elevation  of  temperature,  and  may  require  a  much  longer 
time  for  its  complete  disappearance.  Nevertheless,  for  the  same 
quantity  of  carbon  consumed,  the  amount  of  heat  generated,  and 
17 
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that  of  oarbonio  acid  produced,  will  be  equal  in  the  two  cases.  In 
one  instance  we  have  a  rapid  combustion,  in  the  other  a  slow  com- 
bustion ;  the  total  effect  being  the  same  in  both. 

Such  is  the  mode  in  which  heat  is  commonly  produced  by  artifi- 
cial means,  its  evolution  is  here  dependent  upon  two  principal 
conditions^  which  are  essential  to  it,  and  by  which  it  is  always 
accompanied,  viz.,  the  consumption  of  oxygen,  and  the  production 
of  carbonic  acid. 

Now,  since  the  two  phenomena  just  mentioned  are  presented 
also  by  the  living  body,  and  since  they  are  accompanied  here,  too, 
by  the  production  of  animal  heat,  it  was  very  natural  to  suppose 
that  in  the  animal  organization,  as  well  as  elsewhere,  the  internal 
heat  must  be  owing  to  an  oxidation  or  combustion  of  carbon.  Ac- 
cording to  Lavoisier,  the  oxygen  taken  into  the  lungs  was  sup- 
posed to  combine  inmiediately  with  the  carbon  of  the  pulmonary 
tissues  and  fluids,  producing  carbonic  acid,  and  to  be  at  once  re- 
turned under  that  form  to  the  atmosphere ;  the  same  quantity  of 
heat  resulting  from  the  above  process  as  would  have  been  produced 
by  the  oxidation  of  a  similar  quantity  of  carbon  in  wood  or  coal. 
Accordingly,  he  regarded  the  lungs  as  a  sort  of  stove  or  furnace, 
by  which  the  rest  of  the  body  was  warmed,  through  the  medium  of 
the  circulating  blood. 

It  was  soon  found,  however,  that  this  view  was  altogether  erro- 
neous ;  for  the  slightest  examination  shows  that  the  lungs  are  not 
perceptibly  warmer  than  the  rest  of  the  body ;  and  that  the  heat- 
producing  power,  whatever  it  may  be,  does  not  reside  exclusively 
in  the  pulmonary  tissue.  Furthermore,  subsequent  investigations 
showed  the  following  very  important  facts^  which  we  have  already 
mentioned,  viz.,  that  the  carbonic  acid  is  not  formed  in  the  lungs^ 
but  exists  in  the  blood  before  its  arrival  in  the  pulmonary  capilla- 
ries ;  and  that  the  oxygen  of  the  inspired  air,  so  far  from  combining 
with  carbon  in  the  lungs,  is  taken  up  in  solution  by  the  blood- 
globules^  and  carried  away  by  the  current  of  the  general  circulation. 
It  is  evident^  therefore,  that  this  oxidation  or  combustion  of  the 
blood  must  take  place,  if  at  all,  not  in  the  lungs,  but  in  the  capil- 
laries of- the  various  organs  and  tissues  of  the  body. 

Liebig  accordingly  adopted  Lavoisier's  theory  of  the  production 
of  animal  heat,  with  the  above  modification.  He  believed  the  heat 
of  the  animal  body  to  be  produced  by  the  oxidation  or  combustion 
of  certain  elements  of  the  food  while  still  circulating  in  the  blood ; 
these  substances  being  converted  into  carbonic  acid  and  water  by 
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the  oxidation  of  tbeir  carbon  and  hydrogen,  and  immediately  ex- 
pelled from  the  body  without  ever  having  formed  a  part  of  the  solid 
tissues.  He  therefore  divided  the  food  into  two  different  classes  of 
alimentary  substances ;  viz^  Ist,  the  nitrogenous  or  pkutie  elements^ 
which  are  introduced  in  comparatively  small  quantity,  and  which 
are  to  be  actually  converted  into  the  substance  of  the  tissues,  such  as 
albumen,  muscular  flesh,  &c.;  and  2d,  the  hydro-carbons  or  respiratory 
elements^  such  as  sugar,  starch,  and  fat ;  which,  according  to  his  view, 
are  taken  into  the  blood  solely  to  be  burned,  never  being  assimilated 
or  converted  into  the  tissues,  but  only  oxidized  in  the  circulation, 
and  immediately  expelled,  as  above,  under  the  form  of  carbonic 
acid  and  water.  He  therefore  regarded  these  elements  of  the  food 
only  as  so  much  fuel;  destined  simply  to  maintain  the  heat  of  the 
body,  but  taking  no  part  in  the  proper  function  of  nutrition. 

The  above  theory  of  animal  heat  has  been  very  generally  adopted 
and  acknowledged  by  the  medical  profession  until  within  a  recent 
period.  A  few  years  ago,  however,  some  of  its  deficiencies  and 
inconsistencies  were  pointed  out,  by  Lehmann  in  Germany,  and  by 
Robin  and  Yerdeil  in  France ;  and  since  that  time  it  has  begun  to 
lose  ground  and  give  place  to  a  different  mode  of  explanation,  more 
in  accordance  with  the  present  state  of  physiological  science.  We 
believe  it,  in  fisict,  to  be  altogether  erroneous;  and  incapable  of 
explaining,  in  a  satisfactory  manner,  the  phenomena  of  animal  heat, 
as  exhibited  by  the  living  body.  We  shall  now  proceed  to  pass  in 
review  the  principal  objections  to  the  theory  of  combustion,  con- 
sidered as  a  physiological  doctrine. 

I.  It  is  not  at  all  necessary  to  regard  the  evolution  of  heat  as 
dependent  solely  on  direct  oxidation.  This  is  only  one  of  its 
sources,  as  we  see  constantly  in  external  nature.  The  sun^s  rays, 
mechanical  friction,  electric  currents,  and  more  particularly  a  great 
variety  of  chemical  actions,  such  as  various  saline  combinations  and 
decompositions,  are  all  capable  of  producing  heat;  and  even  simple 
solutions,  such  as  the  solution  of  caustic  potassa  in  water,  the  mixture 
of  sulphuric  acid  and  water,  or  of  alcohol  and  water,  will  often  pro- 
duce a  very  sensible  elevation  of  temperature.  Now  we  know  that 
in  the  interior  of  the  body  a  thousand  different  actions  of  this 
nature  are  constantly  going  on ;  solutions,  combinations  and  decom- 
positions in  endless  variety,  all  of  which,  taken  together,  are  amply 
sufficient  to  account  for  the  production  of  animal  heat,  provided  the 
theory  of  combustion  should  be  found  insufficient  or  improbable. 
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II.  In  vegetables  there  is  an  internal  production  of  beat,  as  well 
as  in  animals ;  a  fact  wbich  has  been  fully  demonstrated  by  the 
experiments  of  Butrochet  and  others^  already  described.  In  vege- 
tableSy  however,  the  absorption  of  oxygen  and  exhalation  of  car- 
bonic acid  do  not  take  place ;  excepting,  to  some  extent,  during  the 
night.  On  the  contrary,  the  diurnal  process  in  vegetables,  it  is  well 
known,  is  exactly  the  reverse  of  this.  Under  the  influence  of  the 
solar  light  they  absorb  carbonic  acid  and  exhale  oxygen.  And  it 
is  exceedingly  remarkable  that,  in  Dutrochet's  experiments,  he 
found  that  the  evolution  of  heat  by  plants  was  always  accompanied 
by  the  disap(>earance  of  carbonic  acid  and  the  exhalation  of  oxygen. 
Plants  which,  in  the  daylight,  exhale  oxygen  and  evolve  heat,  if 
placed  in  the  dark,  immediately  begin  to  absorb  oxygen  and  exhale 
carbonic  acid ;  and,  at  the  same  time,  the  evolution  of  heat  is  sus- 
pended. Dutrochet  even  found  that  the  evolution  of  heat  by  plants 
presented  a  regular  diurnal  variation;  and  that  its  maximum  of 
intensity  was  about  the  middle  of  the  day,  just  at  the  time  when  tlie 
absorption  of  carbonic  acid  and  the  exhalation  of  oxygen  are  going  on 
with  the  greatest  activity.  The  proper  heat  of  plants,  therefore,  can- 
not be  the  result  of  oxidation  or  combustion,  but  must  be  dependent 
on  an  entirely  diifferent  orocess. 

III.  In  animals,  the  quantities  of  oxygen  absorbed  and  of  carbonic 
acid  exhaled  do  not  correspond  with  each  other.  Most  frequently 
a  certain  amount  of  oxygen  disappears  in  the  body,  over  and  above 
that  which  is  returned  in  the  breath  under  the  form  of  carbonic 
acid.  This  overplus  of  oxvgen  has  been  said  to  unite  with  the 
hydrogen  of  the  food,  so  as  to  form  water  which  also  passes  out 
by  the  lungs ;  but  this  is  a  pure  assumption,  resting  on  no  direct 
evidence  whatever,  for  we  have  no  experimental  proof  that  any 
more  watery  vapor  is  exhaled  from  the  lungs  than  is  supplied  by 
the  fluids  taken  into  the  stomach.  It  is  superfluous,  therefore,  to 
assume  that  any  of  it  is  produced  by  the  oxidation  of  hydrogen. 

Furthermore,  the  proportion  of  overplus  oxygen  which  disap- 
pears in  the  body,  beside  that  which  is  exhaled  in  the  carbonic  acid 
of  the  breath,  varies  greatly  in  the  same  animal  according  to  the 
quality  of  the  food.  Begnault  and  Reiset'  found  that  in  dogs,  fed 
on  meat,  the  oxygen  which  reappeared  under  the  form  of  carbonic 
acid  was  only  75  per  cent,  of  the  whole  quantity  absorbed ;  while 
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in  dogs  fed  on  vegetable  fiubstances  it  amounted  to  over  90  per 
cent  In  some  instances,'  where  the  animals  (rabbits  and  fowls) 
were  fed  on  bread  and  grain  exclusively,  the  proportion  of  expired 
oxygen  amounted  to  101  or  even  102  percent;  that  is,  mort  oxygen 
was  actually  contained  in  the  carbonic  acid  exhaled,  than  had  been  ab- 
sorbed in  a  free  stcUe/rom  the  atmosphere.  A  portion,  at  least,  of  the 
carbonic  acid  must  therefore  have  been  produced  by  other  means 
than  direct  oxidation. 

lY.  It  has  already  been  shown,  in  a  previous  chapter,  that  the 
carbonic  acid  which  is  exhaled  from  the  lungs  is  not  primarily 
formed  in  the  blood,  but  makes  its  appearance  in  the  substance  of 
the  tissues  themselves ;  and  furthermore,  that  even  here  it  does  not 
originate  by  a  direct  oxidation,  but  rather  by  a  process  of  decom- . 
position,  similar  to  that  by  which  sugar,  in  fermentation,  is  resolved  | 
into  alcohol  and  carbonic  acid.  We  understand  from  this  how  to  j 
explain  the  singular  fact  alluded  to  in  the  last  paragraph,  viz.,  the 
abundant  production  of  carbonic  acid,  under  some  circumstances, 
with  a  comparatively  small  supply  of  free  oxygen.  The  statement 
made  by  Liebig,  therefore,  that  starchy  and  oily  matters  taken  with 
the  food  are  immediately  oxidized  in  the  circulation  without  ever 
being  assimilated  by  the  tissues,  is  without  foundation.  It  never, 
in  fact,  rested  on  any  other  ground  than  a  supposed  probability ; 
and  as  we  see  that  carbonic  acid  is  abundantly  produced  in  the 
body  by  other  meahs,  we  have  no  longer  any  reason  for  assuming, 
without  direct  evidence,  the  existence  of  a  combustive  process  in 
the  blood. 

■ 

V.  The  evolution  of  heat  in  the  animal  body  is  not  general,  as  it 
would  be  if  it  resulted  from  a  combustion  of  the  blood  ;  but  local, 
since  it  takes  place  primarily  in  the  substance  of  the  tissues  them- 
selves. Various  causes  will  therefore  produce  a  local  elevation  or 
depression  of  temperature,  by  modifying  the  nutritive  changes 
which  take  place  in  the  tissues.  Thus,  in  the  celebrated  experiment 
of  Bernard,  which  we  have  often  verified,  division  of  the  sympa- 
thetic nerve  in  the  middle  of  the  neck  produces  very  soon  a  marked 
elevation  of  temperature  in  the  corresponding  side  of  the  head  and 
face.  Local  inflammations,  also,  increase  very  sensibly  the  temp^a- 
ture  of  the  part  in  which  they  are  seat^  while  that  of  the  general 
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mass  of  the  blood  is  not  altered.  Finally  it  has  been  demonstrated 
bj  Bernard  that  in  the  natural  state  of  the  system  there  is  a  marked 
difference  in  the  temperature  of  the  different  organs  and  of  the  blood 
returning  from  them.'  The  method  adopted  by  this  experimenter 
was  to  introduce,  in  the  living  animal,  the  bulb  of  a  fine  thermo- 
meter successively  into  the  bloodvessels  entering  and  those  leaving 
the  various  internal  organs.  The  difference  of  temperature  in  these 
two  situations  showed  whether  the  blood  had  lost  or  gained  in  heat 
while  traversing  the  capillaries  of  the  organ.  Bernard  found,  in 
the  first  place,  that  the  blood  in  passing  through  the  lungs,  so  far 
from  increasing,  was  absolutely  diminished  in  temperature;  the 
blood  on  the  left  side  of  the  heart  being  sometimes  a  little  more 
and  sometimes  a  little  less  than  one-third  of  a  degree  Fahr.  lower 
than  on  the  right  side.  This  slight  cooling  of  the  blood  in  the 
lungs  is  owing  simply  to  its  exposure  to  the  air  through  the  pul- 
monary membrane,  and  to  the  vaporization  of  water  which  takes 
place  in  these  organs.  In  the  abdominal  viscera,  on  the  contrary, 
the  blood  is  increased  in  temperature.  It  is  sensibly  warmer  in  the 
portal  vein  than  in  the  aorta ;  and  very  considerably  warmer  in  the 
hepatic  vein  than  in  either  the  portal  or  the  vena  cava.  The  blood 
of  the  hepatic  vein  is  in  fact  warmer  than  that  of  any  other  part 
of  the  body.  The  production  of  heat,  therefore,  according  to  Ber- 
nard's observations,  is  more  active  in  the  liver  than  in  any  other 
portion  of  the  system.  As  the  chemical  processes  of  nutrition  are 
necessarily  different  in  the  different  tissues  and  organs,  it  is  easy  to 
understand  why  a  specific  amount  of  heat  should  be  produced  in 
each  of  them.  A  similar  fact,  it  will  be  recollected,  was  noticed  by 
Dutrochet,  in  regard  to  the  different  parts  of  the  vegetable  organ- 
ization. 

VI.  Animal  heat  has  been  supposed  to  stand  in  a  special  relation 
to  the  production  of  carbonic  acid,  because  in  warm-blooded  animals 
the  respiratory  process  is  more  active  than  in  those  of  a  lower 
temperature;  and  because,  in  the  same  animal,  an  increase  or  di- 
minution in  the  evolution  of  heat  is  accompanied  by  a  correspond- 
ing increase  or  diminution  in  the  products  of  respiration.  But 
this  is  also  true  of  all  the  other  excretory  products  of  the  body.  An 
elevation  of  temperature  is  accompanied  by  an  increivsed  activity 
of  all  the  nutritive  processes.     Not  only  carbonic  acid,  but  the 
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ingredients  of  the  urine  and  the  perspiration  are  discharged  in  larger 
quantity  than  usual.  An  increased  supply  of  food  also  is  required, 
as  well  as  a  larger  quantity  of  oxygen;  and  the  digestive  and 
secretory  processes  both  go  on,  at  the  same  time,  with  unusual 
activity. 

Animal  heat,  then,  is  a  phenomenon  which  results  from  the 
simultaneous  activity  of  many  different  processes,  taking  place  in 
many  different  organs,  and  dependent,  undoubtedly,  on  different 
chemical  changes  in  each  one.  The  introduction  of  oxygen  and 
the  exhalation  of  carbonic  acid  have  no  direct  connection  with  each 
other,  but  are  only  the  beginning  and  the  end  of  a  long  series  of 
continuous  changes,  in  which  all  the  tissues  of  the  body  successively 
take  a  part  Their  relation  is  precisely  that  which  exists  between 
the  food  introduced  through  the  stomach,  and  the  urinary  ingre- 
dients eliminated  by  the  kidneys.  The  tissues  require  for  their 
nutrition  a  constant  supply  of  solid  and  liquid  food  which  is  intro- 
duced through  the  stomach,  and  of  oxygen  which  is  introduced 
through  the  luugs.  The  disintegration  and  decomposition  of  the 
tissues  give  rise,  on  the  one  hand,  to  urea,  uric  acid,  &C.,  which  are 
discharged  with  the  urine,  and  on  the  other  hand  to  carbonic  add, 
which  is  exhaled  from  the  lungs.  But  the  oxygen  is  not  directly 
converted  into  carbonic  acid,  any  more  than  the  food  is  directly 
converted  into  urea  and  the  urates. 

Animal  heat  is  not  to  be  regarded,  therefore,  as  the  result  of  a 
combustive  process.  There  is  no  reason  for  believing  that  the 
greater  part  of  the  food  is  "burned"  in  the  circulation.  It  is,  on 
the  contrary,  assimilated  by  the  substance  of  the  tissues ;  and  these, 
in  their  subsequent  disintegration,  give  rise  to  several  excretory 
products,  one  of  which  is  carbonic  acid. 

The  numerous  combinations  and  decompositions  which  follow 
each  other  incessantly  during  the  nutritive  process,  result  in  the 
production  of  an  internal  or  vital  heat,  which  is  present  in  both 
animals  and  vegetables,  and  which  varies  in  amount  in  dififorent 
species,  in  the  same  individual  at  different  timea^  and  even  in 
different  parts  and  organs  of  the  same  body. 
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CHAPTER    XIV. 

THE  CIRCULATION. 

The  blood  may  be  regarded  as  a  nutritious  fluid,  holding  in 
solution  all  the  ingredients  necessary  for  the  formation  of  the 
tissues.  In  some  animals  and  vegetables,  of  the  lowest  organization, 
such  as  infusoria,  polypes,  algsd,  and  the  like,  neither  blood  nor 
circulation  is  required ;  since  all  parts  of  the  body,  having  a  similar 
structure,  absorb  nourishment  equally  from  the  surrounding  media, 
and  carry  on  nearly  or  quite  the  same  chemical  processes  of  growth 
and  assimilation.  In  the  higher  animals  and  vegetables,  however, 
as  well  as  in  the  human  subject,  the  case  is  different.  In  them,  the 
structure  of  the  body  is  compound.  Different  organs,  with  widely 
different  functions,  are  situated  in  different  parts  of  the  frame ;  and 
each  of  these  functions  is  more  or  less  essential  to  the  continued 
existence  of  the  whole.  In  the  intestine,  for  example,  the  process 
of  digestion  takes  place ;  and  the  prepared  ingredients  of  the  food 
are  thence  absorbed  into  the  bloodvessels,  by  which  they  are 
transported  to  distant  tissues  and  organs.  In  the  lungs,  again, 
the  blood  absorbs  oxygen  which  is  afterward  to  be  appropriated  by 
the  tissues ;  and  carbonic  acid,  which  was  produced  in  the  tissues, 
is  exhaled  from  the  lungs.  In  the  liver,  the  kidneys,  and  the  skin, 
other  substances  again  are  produced  or  eliminated,  and  these  local 
processes  are  all  of  them  necessary  to  the  preservation  of  the  general 
organization.  The  circulating  fluid  is,  therefore,  in  the  higlier 
animals,  a  means  of  transporUxtioii,  by  which  the  substances  pro- 
duced in  particular  organs  are  dispersed  throughout  the  body,  or 
by  which  substances  produced  generally  in  the  tissues  are  conveyed 
to  particular  organs,  in  order  to  be  eliminated  and  expelled. 

The  circulatory  apparatus  consists  of  four  different  parts,  viz : 
1st.  The  heart ;  a  hollow,  muscular  organ,  which  receives  the  bkxxl 
at  one  orifice  and  drives  it  out,  in  successive  impulses,  at  another. 
2d.  The  arteries;  a  series  of  branching  tubes,  which  convey  the 
blood  from  the  heart  to  the  different  tissues  and  organs  of  the  body. 
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8d.  Tie  capillaries;  a  network  of  minute  inosculating  tubules, 
which  are  interwoven  with  the  substance  of  the  tissues,  and  which 
bring  the  blood  into  intimate  contact  with  the  cells  and  fibres  of 
which  they  are  composed;  and  4lh.  The  veins;  a  set  of  converg- 
ing vesaels,  destined  to  collect  the  blood  from  the  capillaries,  and 
return  it  to  the  heart.  In  each  of  these  four  different  parts  of  the 
circulatory  apparatus,  the  movement  of  the  blood  is  peculiar  and 
dependent  on  special  conditions.  It  will  therefore  require  to  ba 
studied  in  each  one  of  them  separately. 


THE  HEART, 

The  structure  of  the  heart,  and  of  the  large  vessels  connected 
with  it,  varies  considerably  in  different  classes  of  animals,  owing  to 
the  Siffurent  arrangement  of  the  respiratory  organs,  Fur  the  respi- 
ratory apparatus  being  one  of  the  most  important  in  the  hotly,  aud 
the  one  most  closely  connected 

by  anatomical   relations   with  F'B'  "i^- 

the  organs  of  circulation,  the 
latter  are  necessarily  modified 
in  structure  to  correspond  with 
the  former.  In  fish,  for  exam- 
ple (Fig.  76),  the  heart  is  an 
organ  consisting  of  two  princi- 
pal cavities ;  an  auricle  (a)  into 
which  tlieblood  is  received  from 
the  central  extremity  of  the 
vena  cava,  and  a  ventricle  (6) 
into  which  the  blood  is  driven 
by  the  contraction  of  the  auricle. 
The  ventricle  is  considerably 
larger  and  more  powerful  than 
the  auricle,  and  by  its  contrac- 
tion drives  tlie  blood  into  the 
main  artery  supplying  the  gills. 
In  the  gills  (rr)  the  blood   is 

arterialized ;  after  which  it  is       ToVii"icii.''"«."Ql"iK'rf  iuru.  «.  v„ 
collected  by  the  branchial  veins. 

These  veins  unite  upon  the  median  line  to  form  the  aorta 
which  the  blood  is  finally  distributed  throughout  the  frain 
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these  animals  the  respiratory  process  is  not  a  very  active  one ;  but 
tlie  gills,  which  are  of  small  size,  being  the  only  respiratory  organs, 
all  the  blood  requires  to  pass  through  them  for  purposes  of  aeration. 
The  heart  here  is  a  single  organ,  destined  only  to  drive  the  blood 
fVom  the  termination  of  the  venous  system  to  the  capillaries  of  the 
gilla. 

In  reptiles,  the  heart  is  composed  of  two  auricles,  placed  side  by 


i  one  ventricle.  (Fig.  1 
Fig.  77. 


aide,  and  one  ventricle.  (Fig.  77.)  The  vente  cavaa  discharge  their 
blood  into  the  right  auricle  (a), 
whence  it  passes  into  the  ventricle 
((■).  From  the  ventricle,  a  part  of  it 
is  carried  into  the  aorta  and  distri- 
buted throughout  the  body,  while  a 
part  is  sent  to  the  lungs,  through  the 
pulmonary  artery.  The  arterialized 
blood,  returning  from  the  lunga  by 
the  pulmonary  vein,  is  discharged 
into  the  left  auricle  (i),  and  thence 
into  the  ventricle  (r),  where  it 
mingles  with  the  venous  blood 
which  has  just  arrived  by  the  vento 
cavte.  In  the  reptile,  therefore,  the 
ventricle  is  a  common  orgfin  of  pro- 
pulsion, both  for  the  lungs  and  for 
the  general  circulation.  In  these  | 
animals  the  aeration  of  the  blood  ia 
the  lungs  is  only  partial ;  a  certain 
portion  of  the  blood  which  leaves 
iBorgans,justa9  in  the  human  subject^ 
it  ia  only  a  portion  of  the  blood  which  is  carried  to  the  kidney  by 
the  renal  artery.  This  arrangement  is  sufficient  for  the  reptiles,  i 
because  in  many  of  ihein,  such  as  serpents  and  turtles,  the  lunga 
are  much  more  extensive  and  efficient,  as  respiratory  organs,  than 
the  gills  of  fish ;  while  in  others,  such  as  frogs  and  water- lizards, 
the  integument  itself,  which  is  moist,  smooth,  and  naked,  takes  an 
important  share  in  the  aeration  of  the  blood. 

In  quftflrupeda  and  the  human  species,  however,  the  respi- 
ratory process  is  not  only  exceedingly  active,  but  the  lungs 
are,  at  the  same  time,  the  only  organs  in  which  the  aeration  of 
the  blood  can  be  fully  accomplished.  In  them,  accordingly,  we 
find   the   two   circulations,  general  and  pulmonary,  entirety  dia- 


the  heart  being  carried  to  thee 
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tinct  from  eacb  other.  (Fig.  78.)  All  the  blood  returning  fronii  ] 
the  body  by  the  veina  must  pass  through  the  lungs  before  it  ia  1 
again  distributed  through  the 
arterial  system.  We  have 
therefore  a  double  circula- 
tion, and  also  a  double  heart; 
the  two  sides  of  which, 
though  united  externally, 
are  separate  internally.  Tlie 
mammalian  heart  coDsista  of 
a  right  auricle  and  ventricle 
(fl,  li),  receiving  the  blood 
from  the  vena  cava  (i),  and 
driving  it  to  the  lungs;  and 
a  left,  auricle  and  ventricle 
(/,  g)  receiving  the  blood 
from  the  lungs  and  driving 
it  outward  through  the  arte- 
rial system. 

In  the  complete  or  d<iuble 
mammalian  heart,  the  dift'er- 
ent  parts  of  the  organ  present 
cert^n  peculiariiiea  and  bear 
certain  relations  to  each  other,  which  it  ia  necesaary  to  understand  ' 
before  wo  can  property  appreciate  its  action  and  movements.  Tha 
entire  organ  has  a  more  or  less  conical  form,  ita  base  being  situated 
on  the  median  line,  directed  upward  and  backward ;  the  whole  being 
suspended  in  the  chent,  and  loosely  fixed  to  the  spinal  column,  by 
the  great  vessels  which  enter  and  leave  it  at  tliis  jwint.  The  apex, 
00  the  contrary,  is  directed  downward,  forward,  and  to  the  left,  sur- 
rounded by  the  pericanUum  and  the  pericardial  fluid,  but  capaV>Ie 
of  a  very  free  lateral  and  rotatory  motion.  Tlie  auricles,  which 
have  a  smaller  capacity  and  thinner  walls  tliau  the  ventricles,  are 
situated  at  the  upper  and  posterior  part  of  tlie  organ  (Figs.  79  and 
80);  while  the  ventricles  occupy  its  anterior  and  lower  portions. 
The  two  ventricles,  moreover,  are  not  situate<l  on  the  same  plane, 
but  the  right  ventriole  occupies  a  paiition  somewhat  in  front  and 
above  that  of  the  left;  so  that  in  an  anterior  view  of  the  heart  the 
greater  portion  of  the  left  ventricle  is  conceale<l  by  the  right  (Fig. 
79),  and  in  a  posterior  view  the  greater  portion  of  the  right  ven- 
tricle is  concealed  by  the  left  (Fig.  80) ;  while  in  both  positions  L 
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apex  of  the  heart  is  constituted  altogether  by  tlie  point  of  tlie  left 
venlricle. 


The  different  cavities  of  the  heart  and  of  the  arljacent  blood- 
vessela,  though  coatinuous  with  each  other,  are  partially  separated 
by  certain  cooatricliona.  These  constricted  orifices,  by  which  the 
different  cavities  communicate,  are  known  by  the  names  of  the 


Fif.  81. 


auricular,  auriculo-venlricular,  and  aortic  and  pulmonary  orifices; 
the  auricular  orificea  being  the  passages  from  the  venie  cavjo  and" 
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pulmonary  veins  into 'tbe  right  and  left  auriulea;  the  anriculo- 
ventricular  orifices  leading  from  tbe  auriclea  into  tlie  ventricles; 
and  the  aortic  and  pulmonary  orifices  leading  from  the  ventriclca 
into  the  aortic  and  pulmonary  arteries  respectively, 

The  auriOTilo- ventricular,  aorti«,  and  pulmonary  orifices  are  fiir-  ] 
niahed  with  valves,  which  allow  the  hlood  to  pass  readily  from  the  ' 
auricles  to  the  ventricles,  and  from  the  ventriclea  to  the  arteries, 
but  shut  back,  with  the  contractions  of  the  orgnn,  so  as  to  prevent 
its  return  in  an  opposite  direction.  The  course  of  the  blood 
through  the  heart  is,  therefore,  as  follows.  From  the  vena  cava  it 
passes  into  the  right  auricle;  and  from  the  right  auricle  into  the 
'  right  ventricle.  (Fig.  81.)  On  the  contraction  of  the  right  ventricle, 
the  tricuspid  valvus  shut  back,  preventing  its  return  into  the  auricle 
(Fig.  82);  and  it  is  thus  driven  through  the  pulmonary  artery  to  tha  , 


Fig.  S2. 


lungs.  Returning  from  the  lungs,  it  enters  the  left  auricle,  thencs 
passes  into  the  left  ventricle,  from  which  it  is  finally  delivered  into 
the  aorta,  and  distributed  throughout  the  body.  (Fig.  S3.)  This 
movement  of  the  bloo<l,  however,  through  the  cardiac  cavities,  ii 
not  a  continuous  and  steady  flow,  but  is  accomplished  by  alternate  I 
contractions  and  relaxations  of  the  muscular  parietes  of  the  heart 
so  tliatwitb  every  impulse,  sncceasive  portions  of  blood  are  received  J 
by  the  auricles,  delivered   into  the  ventricles,  and  by  them  dia-  J 
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a  pulsation.  It  is  followed  by  an  equal  interval  of  silence ;  after 
which  the  first  sound  again  recurs.  The  whole  time  of  a  cardiac 
pulsation  may  then  be  divided  into  four  quarters,  of  which  the  first 
two  are  occupied  by  the  first  sound,  the*  third  by  the  second  sound, 
and  the  fourth  by  an  interval  of  silence,  as  follows  :— 


Time  of  paltation.  • 


[-Irt  quarter  J  p,^^^ 
2d        •«      J 

3d        **        Beoond  Bound. 
4th       *'         Intenral  of  tilenoe. 


The  cattse  of  the  second  sound  is  universally  acknowledged  to  be 
the  sudden  closure  and  tension  of  the  aortic  and  pulmonary  valves. 
This  fact  is  established  by  the  following  proofs :  Ist^  this  sound  is 
heard  with  perfect  distinctness,  as  we  have  already  mentioned, 
directly  over  the  situation  of  the  above-mentioned  valves ;  2d,  the 
farther  we  recede  in  any  direction  from  this  point,  the  fainter  be- 
comes the  sound ;  and  Sd,  in  experiments  upon  the  living  animal, 
often  repeated  by  different  observers,  it  has  been  found  that  if  a 
curved  needle  be  introduced  into  the  base  of  the  large  ves^Is,  so 
as  to  hook  back  the  semilunar  valves,  the  second  sound  at  once  dis* 
appears,  ahd  remains  absent  until  the  valve  is  again  liberated.  These 
valves  consist  of  fibrous  sheets,  covered  with  a  layer  of  endocardial 
epithelium.  They  have  the  form  of  semilunar  festoons,  the  free 
edge  of  which  is  directed  away  from  the  cavity  of  the  ventricle, 
while  the  attached  edge  is  fastened  to  the  inner  surface  of  the  base 
of  the  artery.  While  the  blood  is  passing  from  the  ventricle  to  the 
artery,  these  valves  are  thrown  forward  and  relaxed ;  but  when  the 
artery  reacts  upon  its  contents  they  shut  back,  and  their  fibres,  be- 
coming suddenly  tense,  yield  a  clear,  characteristic,  snapping  sound. 

The  production  of  the  first  sound  has  been  attributed  by  some 
writers  to  a  combination  of  various  causes ;  such  as  the  rush  of 
blood  through  the  cardiac  orifices,  the  muscular  contraction  of  the 
parietes  of  the  heart,  the  tension  of  the  auriculo- ventricular  valves, 
the  collision  of  the  particles  of  blcK)d  with  each  other  and  with  the 
surface  of  the  ventricle,  &c.  &c.  We  believe,  however,  with  Andry* 
and  some  others,  that  the  first  sound  of  the  heart  has  a  similar 
origin  with  the  second ;  and  that  it  is  depmdent  altogether  on  the 
closure  of  the  auriculO'VerUricular  valves.  The  reasons  for  this  con- 
clusion are  the  following : — 

Ist.  The  second  sound  is  undoubtedly  caused  by  the  closure  of 

*  Diseases  of  the  Heart,  Knee1aiid*d  tranislation,  Boston,  1846. 
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the  semilunar  valves,  and  in  the  action  of  the  heart  the  shutting 
back  of  the  two  sets  of  valves  alternate  with  each  other  precisely 
as  do  the  first  and  second  sounds ;  and  there  is  every  probability, 
to  say  the  least,  that  the  sudden  tension  of  the  valvular  fibres  pro- 
duces a  similar  effect  in  each  instance. 

2d.  The  first  sound  is  heard  most  distinctly  over  the  anterior 
surface  of  the  ventricles,  where  the  tendinous  cords  supporting  the 
auriculo- ventricular  valves  are  inserted,  and  where  the  sound  pro- 
duced by  the  tension  of  these  valves  would  be  most  readily  con- 
ducted to  the  ear. 

8d.  There  is  no  reason  to  believe  that  the  current  of  blood 
through  the  cardiac  orifices  could  give  rise  to  an  appreciable  sound, 
so  long  as  these  orifices,  and  the  cavities  to  which  they  lead,  have 
their  normal  dimensions.  An  unnatural  souffle  may  indeed  origi- 
nate from  this  cause  when  the  orifices  of  the  heart  are  diminished 
in  size,  as  by  calcareous  or  fibrinous  deposits;  and  it  may  also 
occur  in  cases  of  aneurism.  A  souffle  may  even  be  produced  at 
will  in  any  one  of  the  large  arteries  by  pressing  firmly  upon  it 
with  the  end  of  a  stethoscope,  so  as  to  diminish  its  calibre.  But  in 
all  these  instances,  the  abnormal  sound  occurs  only  in  consequence 
of  a  disturbance  in  the  natural  relation  existing  between  the  volume 
of  the  blood  and  the  size  of  the  orifice  through  which  it  passes. 
In  the  healthy  heart,  the  different  orifices  of  the  organ  are  in  exact 
proportion  to  the  quantity  of  the  circulating  blood ;  and  there  is  no 
more  reason  for  believing  that  its  passage  should  give  rise  to  a 
sound  in  the  cardiac  cavities  than  in  the  larger  arteries  or  veins. 

4th.  The  difference  in  character  between  the  two  sounds  of  the 
heart  depends,  in  all  probability,  on  the  different  arrangement  of 
the  two  sets  of  valves.  The  second  sound  is  short,  sharp,  and  dis- 
tinct, because  the  semilunar  valves  are  short  and  narrow,  superficial 
in  their  situation,  and  supported  by  the  highly  elastic,  dense  and 
fibrous  bases  of  the  aortic  and  pulmonary  arteries.  The  first  sound 
is  dull  and  prolonged,  because  the  auriculo- ventricular  valves  are 
broad  and  deep-seated,  and  are  attached,  by  their  long  chordae 
tendineaa  to  the  comparatively  soft  and  yielding  fleshy  columns  of 
the  heart.  The  difference  between  the  first  and  second  sounds  can, 
in  fact,  be  easily  imitated,  by  simply  snapping  between  the  fingers 
two  pieces  of  tape  or  ribbon,  of  the  same  texture  but  of  different 
lengths.  (Fig.  84.)  The  short  one  will  give  out  a  distinct  and  sharp 
sound ;  the  long  one  a  comparatively  dull  and  prolonged  sound. 

Together  with  the  first  sound  of  the  heart  there  is  also  to  be 
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heard  a  slight /rtWion  sound,  produced  by  the  collision  of  the  point 
of  the  heart  against  the  parietes  of  the  chest.  This  sound,  which  is 
heard  in  the  fifth  intercostal  space,  is  very  &int,  and  is  more  or  less 

Fig.  84. 


masked  by  the  strong  valvular  sound  which  occurs  at  the  same 
time.  It  is  different^  however,  in  character  from  the  latter,  and 
may  usually  be  distinguished  from  it  by  careful  examination. 

The  movemffUa  of  the  heart  during  the  time  of  a  pulsation  are 
of  a  peculiar  character,  and  have  been  very  often  erroneously 
described.  In  fact  altogether  the  best  description  of  the  move- 
ments of  the  heart  which  has  yet  appeared,  is  that  given  by  Wil- 
liam Harvey,  in  his  celebrated  work  on  the  Motion  of  t/te  Heart  and 
Bloodf  published  in  1628.  He  examined  the  motion  of  the  heart 
by  opening  the  chest  of  the  living  animal ;  and  though  the  same  or 
similar  experiments  have  been  frequently  performed  since  his  time, 
the  descriptions  given  by  subsequent  observers  have  been  for  the 
most  part  singularly  inferior  to  his,  both  in  clearness  and  fidelity. 
The  method  which  we  have  adopted  for  examining  the  motions  of 
the  heart  in  the  dog  is  as  follows :  The  animal  is  first  rendered 
insensible  by  ether,  or  by  the  inoculation  of  woorara.  The  latter 
mode  is  preferable,  since  a  long-continued  etherization  seems  to 
exert  a  sensibly  depressing  effect  on  the  heart's  action,  which  is 
not  the  case  with  woorara.  The  trachea  is  then  exposed  and 
opened  just  below  the  larynx,  and  the  nozzle  of  a  bellows  inserted 
and  secured  by  ligature.  Finally,  the  chest  is  opened  on  the  me- 
dian line,  its  two  sides  widely  separated,  so  as  to  expose  the  heart 
and  lungs,  the  pericardium  slit  up  and  carefully  cut  away  from  its 
attachments,  and  the  lungs  inflated  by  insufQation  through  the 
trachea.  By  keeping  up  a  steady  artificial  respiration,  the  move- 
18 
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meats  of  the  heart  may  be  made  to  continue,  in  favorable  cases,  for 
more  than  an  hour ;  and  its  actions  may  be  studied  by  direct  obser- 
vation, like  those  of  any  external  organ. 

The  examination,  however,  requires  to  be  conducted  with  certain 
precautions,  which  are  indispensable  to  success.  When  the  heart 
is  first  exposed,  its  movements  are  so  complicated,  and  recur  with 
such  rapidity,  that  it  is  difficult  to  distinguish  them  perfectly  from 
each  other,  and  to  avoid  a  certain  degree  of  confusion.  Singular 
*a8  it  may  seem,  it  is  even  difficult  at  first  to  determine  what  period 
in  the  hearths  pulsation  corresponds  to  contraction,  and  what  to 
relaxation  of  the  organ.  We  have  even  seen  several  medical  men, 
watching  together  the  pulsations  of  the  same  heart,  unable  to  agree 
upon  this  point.  It  is  very  evident,  indeed,  that  several  English 
and  continental  observers  have  mistaken,  in  their  examinations,  the 
contraction  for  the  relaxation,  and  the  relaxation  for  the  contrac* 
tion.  The  first  point,  therefore,  which  it  is  necessary  to  decide,  in 
examining  the  successive  movements  of  a  cardiac  pulsation,  is  the 
following,  viz :  Which  is  the  contraction  and  which  the  relaxatimi  of 
the  ventricles  f  The  method  which  we  have  adopted  is  to  pass  a 
small  silver  canula  directly  through  the  parietes  of  the  left  ven- 
tricle into  its  cavity.  The  blood  is  then  driven  from  the  external 
orifice  of  the  canula  in  interrupted  jets ;  each  jet  indicating  the 
time  at  which  the  ventricle  contracts  upon  its  contents.  The 
canula  is  then  withdrawn,  and  the  different  muscular  layers  of  the 
ventricular  walls,  crossing  each  other  obliquely,  close  the  opening, 
so  that  there  is  little  or  no  subsequent  hemorrhage. 

When  the  successive  actions  of  contraction  and  relaxation  have 
by  this  means  been  fairly  recognized  and  distinguished  from  each 
other,  the  cardiac  pulsations  are  seen  to  be  characterized  by  the 
following  phenomena.  The  changes  in  form  and  position  of  the 
entire  heart  are  mainly  dependent  on  those  of  the  ventricles,  which 
contract  simultaneously  with  each  other,  and  which  constitute  much 
the  largest  portion  of  the  entire  mass  of  the  organ. 

1.  At  the  time  of  its  contraction  the  heart  hardens.  This  pheno- 
menon is  exceedingly  well  marked,  and  is  easily  appreciated  by 
placing  the  finger  upon  the  ventricles,  or  by  grasping  them  between 
the  finger  and  thumb.  The  muscular  fibres  become  swollen  and 
indurated,  and,  if  grasped  by  the  hand,  communicate  the  sensation 
of  a  somewhat  sudden  and  powerful  shock.  It  is  this  forcible  indu- 
ration of  the  heart,  at  the  time  of  contraction,  which  has  been  mis- 
taken by  some  writers  for  an  active  dilatation,  and  described  as 
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such.  It  isy  however,  a  phenomenon  precisely  similar  to  that  which 
takes  place  in  the  contraction  of  a  voluntary  muscle,  which  becomes 
swollen  and  indurated  at  the  same  moment  and  in  the  same  propor* 
tion  that  it  diminishes  in  length. 

2.  At  the  time  of  contraction,  the  ventricles  elongate  and  the 
point  of  the  heart  protrudes.  This  phenomenon  was  very  well 
described  by  Dr.  Harvey.'  "  The  heart,"  he  says,  "  is  erected,  and 
rises  upward  to  a  pointy  so  that  at  this  time  it  strikes  against  the 
breast  and  the  pulse  is  felt  externally."  The  elongation  of  the  ' 
ventricles  during  contraction  has,  however,  been  frequently  denied 
by  subsequent  writers.  The  only  modern  observers^  so  &r  as  we 
are  aware,  who  have  recognized  its  existence,  are  Drs.  C.  W.  Pen- 
nock  and  Edward  M.  Moore,  who  performed  a  series  of  very  careful 
and  interesting  experiments  on  the  action  of  the  heart,  in  Philadel- 
phia, in  the  year  1889.*  These  experimenters  operated  upon  calves, 
sheep,  and  horses^  by  stunning  the  animal  with  a  blow  upon  the 
head,  opening  the  chest,  and  keeping  up  artificial  respiration.  They 
observed  an  elongation  of  the  ventricle  at  the  time  of  contraction, 
and  were  even  able  to  measure  its  extent  by  applying  a  shoemaker's 
rule  to  the  heart  while  in  active  motion.  We  are  able  to  corroborate 
entirely  the  statement  of  these  observers  by  the  result  of  our  own 
experiments  on  dogs,  rabbits^  frogs,  &c.  The  ventricular  contrac- 
tion is  an  active  movement,  the  relaxation  entirely  a  passive  one. 
When  contraction  occurs  and  a  stream  of  blood  is  thrown  out  of 
the  ventricle,  its  sides  approximate  each  other  and  its  point  elon- 
gates ;  so  that  the  transverse  diameter  of  the  heart  is  diminished, 
and  its  longitudinal  diameter  increased.  This  can  be  readily  felt 
by  grasping  the  base  of  the  heart  and  the  origin  of  the  large  vesaels 
gently  between  the  first  and  middle  fingers,  and  allowing  the  end 
of  the  thumb  of  the  same  hand  to  rest  lightly  upon  its  apex. 
With  every  contraction  the  thumb  is  sensibly  lifted  and  separated 
from  the  fingers,  by  a  somewhat  forcible  elevation  of  the  pcnnt  of 
the  heart. 

The  same  thing  can  be  seen,  and  even  measured  by  the  eye^ 
in  the  following  manner :  If  the  heart  of  the  frog  or  even  of  any 
small  warm-blooded  animal,  as  the  rabbit,  be  rapidly  removed  from 
the  chest,  it  will  continue  to  beat  for  some  minutes  afterward ;  and 
when  the  rhythmical  pulsations  have  finally  ceased,  contractions 

•  Works  of  Wiinam  Hnrvej,  M.  P.     Sydenham  e«i.,  Loiulou,  1647,  p.  21. 
>  Philadelphia  Medical  Examiner,  No.  44. 
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I  can  still  be  readily  excited  by  touching  tlie  heart  with  the  point  of 
I  a  steel  needle.  If  the  heart  be  now  held  by  ita  base  between  the 
I  thumb  and  finger,  with  its  point  directed  upward,  it  will  be  seen 

to  have  a  pyramidal  or  conical  form,  representing  very  nearly  in 
i  its  outline  an  equilateral  triangle  (Fig.  65) ;    ita  base,  while  in  a 

condition  of  rest,  bulging  out  laterally,  while  the  a[>e.>;  is  compara- 
I  lively  obtuse. 


Fig.  ss. 


S^ 


Fig.  80. 


Pig.  87. 


When  the  heart,  held  in  this  position,  is  touched  with  the  point 

[  of  a  needle  (Fig.  86),  it  starts  up,  becomes  instantly  narrower  and 
longer,  its  sides  approximating  and   its  point  rising  to  an  acute 

V  angle.     This  contraction  is  immediately  followed  by  a  relaxation ; 

k^tfas  point  of  the  heart  sinka  down,  and  Ita  sides  again  bulge  out- 

pward. 

Let  us  now  see  in  what  manner  this  change  in  the  figure  of  the 

I  ventricles  during  contraction  is  produced.  If  the  muscular  fibres 
of  the  heart  were  arranged  in  the  form  of 
simple  loops,  running  parallel  with  the 
axis  of  the  organ,  the  contraction  of  these 
fibres  would  merely  have  the  effect  of  di- 
minishing the  size  of  the  heart  in  every 
direction.  This  effect  can  be  seen  in  the 
accompanying  hypothetical  diagram  (Fig. 
87),  where  the  white  outline  repreaenta 
such  simple  looped  fibres  in  a  state  of  re- 
laxation, and  the  dotted  internal  line  indi- 
cates the  form  which  they  would  take  in 
contraction.  In  point  of  fact,  however, 
none  of  the  muscular  fibres  of  the  heart 

(run  parallel  to  its  longitudinal  axis.  Tliey  are  disposed,  on  the 
oontraTy.  in  a  direction  partly  spiral  and  partly  cireular.  The  most 
superficial  fibres  start  from  the  base  of  the  vuutricle^  and  pass 
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toward  the  spex,  curling  round  the  heart  in  such  a  manner  as  to 
pnss  over  its  anterior  surface  in  an  obliquely  spiral  direction,  from 
above  downward,  and  from  right  to  left.  (Fig.  88.)    They  converge 
toward  the  point  of  the  heart,  curl- 
^*  ^*  ing  round  the  oentre  of  its  spex,  and 

then,  changing  their  direction,  be- 
come deep-seated,  run  apward  along 

Fig.  BS. 


the  septum  and  internal  surface  of  the  ventricles,  and  terminate 
in  the  columnsa  cames,  and  in  the  inner  border  of  the  auriculo- 
ventricular  ring.  The  deepest  layers  of  fibres,  on  the  contrary,  are 
wrapped  round  the  Tentricles  in  a  nearly  circular  direction  (Vig. 
89) ;  their  points  of  origin  and  attachment  being  still  the  aurioalo- 
ventricular  ring,  and  the  points  of  the  fleshy  columns.  The  eotire 
arrangement  of  the  muscular  bundles  may  be  readily  Men  In  a 
heart  which  has  been  boiled  for  six  or  eight  hours,  bo  as  to  nftea 
the  connecting  areolar  tissue,  and  enable  the  fibrous  layers  to  be 
easily  separated  from  each  other. 

By  far  the  greater  part  of  the  mass  of  the  fibres  have  therefore 
a  circular  instead  of  a  longitudinal  direction.  When  they  contract, 
their  action  tends  to  draw  the  lateral  walls  of  the  ventricles  together, 
and  thus  to  diminish  the  transverse  diameter  of  the  heart;  but  as 
each  muscular  fibre  becomes  thickened  in  direct  proportion  to  its 
contraction,  their  combined  lateral  swelling  necessarily  pushes  out 
the  apex  of  the  ventricle,  and  the  heart  elongates  at  the  same  time 
that  its  sides  are  drawn  together.  This  eilfect  is  illustrated  in  the 
accompanying  diagram  (Fig.  90),  where  the  white  lines  mow  the 
figure  of  the  heart  during  relaxation,  with  the  course  of  its  circular 
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fibres,  while  the  dotted   line  sliows  the  narrowed  and  elougated 
figure  neceaaarily  produced  by  their  coutraction.   Thia  phenomenon, 
therefore,  of  the  protrusion  of  the  apex 
Pin-  iM>.  of  the  heart  at  tlie  time  of  contraction,  ia  ' 

not  only  fully  established  by  observation, 
but  is  readily  explained  by  the  anatomical 
structure  of  the  organ. 

8.  Simultaneously  with  the  hardening 
and  elongation  of  the  heart,  its  apex  moves  j 
slightly  from  left  to  right,  and  rotates  also  ( 
upon  its  own  axia  iu  the  same  direction.  [ 
Both  these  movemenla  result  from  the 
peculiar  spiral  arrangement  of  the  cardiao 
fibres.  If  we  refer  again  to  the  preceding 
DugMiuufcucni.jBFiiinBn  Jjagrams,  we  shall  see  that,  provided  the 
iTBjiion.  '  fibres  were  arranged  in  simple  longitudi- 

nal loops  (Fig.  87),  their  contraction  would 
merely  have  the  effect  of  drawing  the  point  of  the  heart  directly 
upward  in  a  straight  line  toward  its  base.  On  the  other  hand,  if 
they  were  arranged  altogether  in  a  circular  direction  (Fig.  90), 
the  apex  would  be  simply  protruded,  also  in  a  direct  line, 
without  deviating  or  twisting  either  to  the 
Fis  91-  right  or  to  the  left.     But  in  point  of  fact, 

the   superficial   fibres,  as  we   have  already 
described,  run  spirally,  and,  curling  round 
the  point  of  the  heart,  turn  inward  toward 
its  base ;  so  that  if  the  apex  of  tlie  organ  be 
viewe^  externally,  it  will  be  seen  that  the 
superficial   fibres  convei^  toward  its  cen- 
tral point  in  curved  lines,  as  in  Fig.  91.     It 
is  well  known  that  every  curved  muscular 
TBI  Arm  ur  thg  11b*. r.    fibre,  Bt  the  time  of  its  shortening,  necessa- 
rily approximates  more  or  less  to  a  straight 
line.    Its  curvature  is  diminished  in  exact  proportion  to  the  extent 
of  il8  contraction ;  and  if  arranged  in  a  spiral  form,  its  contraction 
tends  in  the  same  degree  to  untwist  the  spiral.     During  the  con- 
traction of  the  heart,  therefore,  its  apex  rotates  on  its  own  axis  in 
I  the  direction  indicated  by  the  arrows  in  Fig.  91,  viz.,  from  left  to 
I   right  anteriorly,  and  from  right  to  left  posteriorly.     This  produces 
a  twistii!^  movement  of  the  apex  in  the  above  direction,  which  ia 
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very  perceptible  to  the  eye  at  each  pulsation  of  the  heart,  when 
exposed  in  the  living  animal. 

4.  The  protrusion  of  the  point  of  the  heart  at  the  time  of  con- 
traction, together  with  its  rotation  upon  its  axis  from  left  to  right, 
brings  the  apex  of  the  organ  in  contact  with  the  parietes  of  the 
chesty  and  produces  the  shock  or  impuhe  of  the  hearty  which  is 
readily  perceptible  externally,  both  to  the  eye  and  to  the  touch. 
In  the  human  subject,  when  in  an  erect  position,  the  heart  strikes 
the  chest  in  the  fifth  intercostal  space,  midway  between  the  edge 
of  the  sternum  and  a  line  drawn  perpendicularly  through  the  left 
nipple.  In  a  supine  position  of  the  body,  the  heart  &lls  away  fix>m 
the  anterior  parietes  of  the  chest  so  much  that  the  impulse  may 
disappear  for  the  time  altogether.  This  alternate  recession  and 
advance  of  the  point  of  the  heart,  in  relaxation  and  contraction, 
is  provided  for  by  the  anatomical  arrangement  of  the  pericardium, 
and  the  existence  of  the  pericardial  fluid.  As  the  heart  plays  back- 
ward and  forward,  the  pericardial  fluid  constantly  follows  its 
movements,  receding  as  the  heart  advances,  and  advancing  as  the 
heart  recedes.  It  fulfils,  in  this  respect,  the  same  purpose  as  the 
synovial  fluid,  and  the  folds  of  adipose  tissue  in  the  cavity  of  the 
large  articulations ;  and  allows  the  cardiac  movements  to  take  place 
to  their  full  extent  without  disturbing  or  injuring  in  any  way  the 
adjacent  organs. 

6.  The  rhythm  of  the  heart's  pulsations  is  peculiar  and  somewhat 
complicated.    Each  pulsation  is  made  up  of  a  double  series  of  con-  \ 
.tractions  and  relaxations.    The  two  auricle^  contract  together,  and  i 
afterward  the  two  ventricles ;  and  in  each  case  the  contraction  is ' 
immediately  followed  by  a  relaxation.    The  auricular  contraction 
is  short  and  feeble,  and  occupies  the  first  part  of  the  time  of  a 
pulsation.    The  ventricular  contraction  is  longer  and  more  powerful, 
and  occupies  the  latter  part  of  the  same  period.    Following  the 
ventricular  contraction  there  comes  a  short  interval  of  repose,  after 
which  the  auricular  contraction  agains  recurs.    The  auricular  and  < 
ventricular  contractions^  however,  do  not   alternate  so  distinctly 
with  each  other  (like  the  strokes  of  the  two  pistons  of  a  fire  engine) 
as  we  should  be  led  to  believe  from  the  accounts  which  have  been  ' 
given  by  some  observers.    On  the  contrary,  they  are  connected  and 
continuous.    The  contraction,  which  commences  at  the  auricle,  is 
immediately  propagated  to  the  ventricle,  and  runs  rapidly  from  the 
base  of  the  heart  to  its  apex,  very  much  in  the  manner  of  a  jpsn- 
8taUic  motion,  except  that  it  is  more  sudden  and  vigorous. 
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William  Harvey,  again,  gives  a  better  aoconnt  of  this  part  of  the 
heart's  action  than  has  been  published  by  any  subsequent  writer. 
The  following  exceedingly  graphic  and  appropriate  description, 
taken  from  his  book,  shows  that  he  derived  his  knowledge,  not 
from  any  secondary  or  hypothetical  sources,  but  from  direct  and 
careful  study  of  the  phenomena  in  the  living  animal. 

"First  of  all,"  he  says^'  "the  auricle  contracts,  and  in  the  course 
of  its  contraction  throws  the  blood  (which  it  contains  in  ample 
quantity  as  the  head  of  the  veins,  the  storehouse  and  cistern  of  the 
blood)  into  the  ventricle,  which  being  filled,  the  heart  raises  itself 
straightway,  makes  all  its  fibres  tense,  contracts  the  ventricles,  and 
performs  a  beat,  by  which  beat  it  immediately  sends  the  blood 
supplied  to  it  by  the  auricle,  into  the  arteries ;  the  right  ventricle 
sending  its  charge  into  the  lungs  by  the  vessel  which  is  called  vena 
arteriosa,  but  which,  in  structure  and  function,  and  all  things  else, 
is  an  artery ;  the  left  ventricle  sending  its  charge  into  the  aorta, 
and  through  this  by  the  arteries  to  the  body  at  large. 

"  These  two  motions,  one  of  the  ventricles,  another  of  the  auricles, 
take  place  consecutively,  but  in  such  a  manner  that  there  is  a  kind 
of  harmony  or  rhythm  preserved  between  them,  the  two  concurring 
in  such  wise  that  but  one  motion  is  apparent,  especially  in  the 
warmer  blooded  animals,  in  which  the  movements  in  question  are 
rapid.  Nor  is  this  for  any  other  reason  than  it  is  in  a  piece  of 
machinery,  in  which,  though  one  wheel  gives  motion  to  another, 
yet  all  the  wheels  seem  tg  move  simultaneously;  or  in  that 
mechanical  contrivance,  which  is  adapted  to  fire-arms,  where  the 
trigger  being  touched,  down  comes  the  flint,  strikes  against  the 
steel,  elicits  a  spark,  which  falling  among  the  powder,  it  is  ignited, 
upon  which  the  flame  extends,  enters  the  barrel,  causes  the  explo- 
sion, propels  the  ball,  and  the  mark  is  attained ;  all  of  which  inci- 
dents, by  reason  of  the  celerity  with  which  they  happen,  seem  to 
take  plaee  in  the  twinkling  of  an  eye." 

The  above  description  indicates  precisely  the  manner  in  which 
the  contraction  of  the  ventricle  follows  successively  and  yet  con- 
tinuously upon  that  of  the  auricle.  The  entire  action  of  the  auricles 
and  ventricles  during  a  pulsation  is  accordingly  as  follows :  The 
contraction  begins,  as  we  have  already  stated,  at  the  auricle. 
Thence  it  runs  immediately  forward  to  the  apex  of  the  heart.  The 
entire  ventricle  contracts  vigorously,  its  walls  harden,  its  apex 

1  Op.  oit.,  p.  31. 
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protrudes,  strikes  against  the  walls  of  the  chest,  and  twists  from 
left  to  rights  the  auriculo-ventricular  valves  shut  back,  the  first 
sound  is  produced,  and  the  blood  is  driven  into  the  aorta  and 
pulmonary  artery.  These  phenomena  occupy  about  one-half  the 
time  of  an  entire  pulsation.  Then  the  ventricle  is  immediately 
relaxed,  and  a  short  period  of  repose  ensues.  During  this  period 
the  blood  flows  in  a  steady  stream  from  the  large  veins  into  the 
auricle,  and  through  the  auriculo-ventricular  orifice  into  the  ven* 
tricle ;  filling  the  ventricle,  by  a  kind  of  passive  dilatation,  about 
two-thirds  or  three-quarters  full.  Then  the  auricle  contracts  with  a 
quick  sharp  motion,  forces  the  last  drop  of  blood  into  the  ventricle, 
distending  it  to  its  full  capacity,  and  then  the  ventricular  contraction 
follows^  as  above  described,  driving  the  blood  into  the  large  arteries. 
These  movements  of  contraction  and  relaxation  continue  to  alter- 
nate with  each  other,  and  form,  by  their  recurrence,  the  successive 
cardiac  pulsations. 

THE  ARTERIES  AKD  THE  ARTERIAL  CIRCULATION. 

The  arteries  are  a  series  of  branching  tubes  which  commence 
with  the  aorta  and  ramify  throughout  the  body,  distributing  the 
blood  to  all  the  vascular  organs.  They  are  composed  of  three 
coats,  viz:  an  internal  homogeneous  tunic,  continuous  with  the 
endocardium;  a  middle  coat,  composed  of  elastic  and  muscular 
fibres ;  and  an  external  or  "  cellular"  coat,  composed  of  condensed 
layers  of  areolar  tissue.  The  essential  anatomical  difference  be- 
tween the  larger  and  the  smaller  arteries  consists  in  the  structure 
of  their  middle  coat  In  the  smaller  arteries  this  coat  is  composed 
exclusively  of  smooth  muscular  fibres,  arranged  in  a  circular  man- 
ner around  the  vessel,  like  the  circular  fibres  of  the  muscular  coat 
of  the  intestine.    In  arteries  of  medium  size  the  middle  coat  con- 1 

I 

tains  both  muscular  and  elastic  fibres ;  while  in  those  of  the  largest ' 
calibre  it  consists  of  elastic  tissue  alone.    The  large  arteries,  ac- 
cordingly, possess  a  remarkable  degree  of  elasticity  and  little  or  no 
contractility ;  while  the  smaller  are  contractile,  and  but  little  or  not 
at  all  elastic. 

It  is  found,  by  measuring  the  diameters  of  the  successive  arte- 
rial ramifications,  that  the  combined  area  of  all  the  branches  given 
off  from  a  trunk  is  somewhat  greater  than  that  of  the  original 
vessel ;  and  therefore  that  the  combined  area  of  all  the  small  arte- 
ries must  be.  considerably  larger  than  that  of  the  aorta,  from  which 
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the  arterial  system  originates.  As  the  blood,  consequentlj,  in  its 
passage  from  the  heart  outward,  flows  successively  through  larger 
and  larger  spaces,  the  rapidity  of  its  circulation  must  necessarily 
be  diminished,  in  the  same  proportion  as  it  recedes  from  the  heart. 
It  is  driven  rapidly  through  the  larger  trunks,  more  slowly  through 
those  of  medium  size,  and  more  slowly  still  as  it  approaches  the 
termination  of  the  arterial  system  and  the  commencement  of  the 
capillaries. 

The  movement  of  the  blood  through  the  arteries  is  primarily  caused 
by  the  contractions  of  the  heart ;  but  is,  at  the  same  time,  regulated 
and  modified  by  the  elasticity  of  the  vessels.  The  mode  in  which 
the  arterial  circulation  takes  place  is  as  follows.  The  arterial  sys- 
tem is,  as  we  have  seen,  a  vast  and  connected  ramification  of  tubular 
canals,  which  may  be  regarded  as  a  great  vascular  cavity,  divided 
and  subdivided  from  within  outward  by  the  successive  branching 
of  its  vessels,  but  communicating  freely  with  the  heart  and  aorta 
at  one  extremity,  and  with  the  capillary  plexus  at  the  other; 
and  this  vascular  system  is  filled  everywhere  with  the  circulating 
fluid.  At  the  time  of  the  heart's  contraction,  the  muscular  walls  of 
the  ventricle  act  power&lly  upon  its  fluid  contents.  The  auriculo- 
ventricular  valves  at  the  same  time  shutting  back  and  preventing 
the  blood  from  regurgitating  into  the  ventricle,  it  is  forced  out 
through  the  aortic  orifice.  A  charge  of  blood  is  therefore  driven 
into  the  arterial  ramifications,  distending  their  walls  by  the  addi- 
tional quantity  of  fluid  forced  into  their  cavities.  When  the  ven- 
tricle immediately  afterward  relaxes,  the  active  distending  force  is 
removed ;  and  the  elastic  arterial  walls,  reacting  upon  their  contents, 
would  force  the  blood  back  again  into  the  heart,  were  it  not  for  the 
semilunar  valves,  which  shnt  together  and  close  the  aortic  orifice. 
The  blood  is  therefore  urged  onward,  under  the  pressure  of  the 
arterial  elasticity,  into  the  capillary  system.  When  the  arteries 
have  thus  again  partially  emptied  themselves,  and  returned  to  their 
original  dimensions,  they  are  again  distended  by  another  contraction 
of  the  heart.  In  this  manner  a  succession  of  impulses  or  distensions 
is  produced,  which  alternates  with  the  reaction  or  subsidence  of  the 
vessels,  and  which  can  be  felt  throughout  the  body,  wherever  the 
arterial  ramifications  penetrate.  This  phenomenon  is  known  by 
the  name  of  the  arterial  pulse. 

When  the  blood  is  thus  driven  by  the  cardiac  pulsations  into  the 
arteries,  the  vessels  are  not  only  distended  laterally,  but  are  elongated 
as  well  as  widened,  and  enlarged  in  every  direction.    Particularly 
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Fig.  82. 


vhen  t>ie  vessel  takes  a  curved  or  serpentine  course,  its  elongation 
and  the  increase  of  its  curvatures  may  bo  observed  at  every  pulsa- 
tion. This  may  be  seen,  for  example,  in  the  temporal,  or  even 
in  the  radial  arteries,  in  emaciated  persons.  It  is  also  very  well 
seen  in  the  mesenteric  arteries,  when  the  abdomen  is  opened  in  the 
living  animal.  At  every  contraction  of  the  heart  the  curves  of 
the  artery  on  each  side  become  more  strongly  pronounced.  (Fig. 
92.)  The  vessel  even  rises  up  partially  out  of  its 
bed,  particularly  where  it  runs  over  a  bony  sur- 
face, as  iu  the  case  of  the  radial  artery.  In  old 
persona  the  curves  of  the  vessels  become  perma- 
nently enlarged  from  frequent  distension:  and  all 
the  arteries  tend  to  assume,  with  the  advance  of  ] 
age,  a  more  serpentine  and  even  spiral  course. 
But  the  arterial  pulse  h^  certain  other  jjecu- 

I  lisrities  which  deserve  a  special  notice.    In  the 

!  first  place,  if  we  place  one  finger  upon  the  chest 
at  the  situation  of  the  apex  of  the  heart,  and  an- 
other upon  the  carotid  artery  at  the  midille  of  I 
the  neck,  we  can  distinguish  little  or  no  difference 
in  time  between  the  two  impulses.  The  disten-  EioiiK»ii"niindcur<.- 
sion  of  the  carotid  seems  to  take  place  at  the  i!'i™,"'"„**'^"' " 
same  instant  with  the  contraction  of  the  heart. 
But  if  the  second  finger  be  placed  upon  the  temporal  artery,  instead 
of  the  carotid,  there  is  a  perceptible  interval  between  the  two  beats. 
The  impulse  of  the  temporal  artery  is  felt  a  little  Inter  than  that  of 
the  heart.  In  the  same  way  the  pulse  of  the  radial  artery  at  the 
wrist  seems  a  little  later  than  that  of  the  carotid,  and  that  of  the 
posterior  tibial  at  the  ankle  joint  a  little  later  than  that  of  the  radial. 
So  that,  the  greater  the  distance  from  the  heart  at  which  the  artery 
is  examined,  the  later  is  the  pulsation  perceived  by  the  finger  laid 
upon  the  vessel. 

But  it  has  been  conclusively  shown,  particularly  by  the  investi- 
gations of  M.  Marey,'  that  this  difference  in  time  of  the  arterial 
pulsations,  in  different  parts  of  the  body,  is  rather  relative  than 
absolute.  By  the  contraction  of  the  heart,  the  impulse  is  commu- 
nicated at  the  same  instant  to  all  parts  of  the  arterial  system;  but 
the  apparent  difference  between  them,  in  this  respect,  depends  upon 
the  fact,  that,  although  all  the  arteries  teytn  to  be  distended  at  the 
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same  moment,  yet  those  nearest  the  heart  are  distended  suddenly 
and  rapidly,  while  for  those  at  a  distance,  the  distension  takes  place 
more  slowly  and  gradually.  Thus  th*e  impulse  given  to  the  finger, 
which  marks  the  condition  of  maximum  distension  of  the  vessel, 
occurs  a  little  later  at  a  distance  from  the  heart,  than  in  its  imme- 
diate proximity. 

This  modification  of  the  arterial  pulse  is  produced  in  the  follow- 
ing way : — 

The  contraction  of  the  left  ventricle  is  a  brusque,  vigorous  and 
sadden  motion.  The  charge  of  blood,  thus  driven  into  the  arterial 
system,  meeting  with  a  certain  amount  of  resistance  from  the  fluid 
already  filling  the  vessels,  does  not  instantly  displace  and  force 
onward  a  quantity  of  blood  equal  to  its  own  mass,  but  a  large 
proportion  of  its  force  is  used  in  expanding  the  distensible  walls 
of  the  vessels.  In  the  immediate  neighborhood,  therefore^  the 
ejcpaaiaioQ  of  the  arteries  is  sudden  and  momentary,  like  the  oon- 
tmotion  of  the  heart  itself.  But  this  expansion  requires  for  its 
cbiiipletio&  a  certain  expenditure,  both  of  force  and  time ;  so  that 
a|  A  little  distance  farther  on,  the  vessel  is  neither  distended  to  the 
smne  degree  nor  with  the  same  rapidity.  At  the  more  distant 
point,  accordingly,  the  arterial  impulse  is  less  powerful  and  arrives 
more  slowly  at  its  maximum. 

On  the  other  hand,  when  the  heart  becomes  relaxed,  the  artery 
in  its  immediate  neighborhood  contracts  upon  the  blood  by  its  own 
elasticity ;  and  as  its  contraction  at  this  time  meets  with  no  other 
resistance  than  that  of  the  blood  in  the  smaller  vessels  beyond,  it 
drives  a  portion  of  its  own  blood  into  them,  and  thus  supplies  these 
vessels  with  a  certain  degree  of  distending  force  even  in  the  inter- 
vals of  the  heart's  action.  Thus  the  difference  in  size  of  the  carotid 
artery,  at  the  two  periods  of  the  heart's  contraction  and  its  relaxa- 
tion, is  very  marked ;  for  the  degree  of  its  distension  is  great  when 
the  heart  contracts,  and  its  own  reaction  afterward  empties  it  of 
blood  to  a  very  considerable  extent  But  in  the  small  branches  of 
the  radial  or  ulnar  artery,  there  is  less  distension  at  the  time  of  the 
cardiac  contraction,  because  this  force  has  been  partly  expended  in 
overcoming  the  elasticity  of  the  larger  vessels ;  and  there  is  less 
emptying  of  the  vessel  afterward,  because  it  is  still  kept  partially 
filled  by  the  reaction  of  the  aorta  and  its  larger  branches.  In  other 
words,  there  is  progressively  less  variation  in  size,  at  the  periods  of 
distension  and  collapse,  for  the  smaller  and  distant  arteries  than  for 
those  which  are  larger  and  nearer  the  heart. 
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^^H         Mr.  Marey  has  illustrated  these  facts  by  an  exceedingly  ingeniou 
^^M    and  effectual  contrivance.     He  attached  to  the  pipe  ol'a  small  foreing 
^^^    pump,  to  be  worked  by  alternate  strokes  of  the  piston,  a  long  elastic 
^^K  .tube  op3n  at  the  farther  extremity.     At  differeul  points  upon  thia 
^^H  tube  there  rested  little  movable  levers,  which  were  raised  by  the 
^^^V  distension  of  the  tube  whenever  water  was  driven  into  it  by  the 
^^^^    forcing  pump.     Eaeh  lever  carried  upon  its  exireraity  a  small  pen 
r             cil,  which  marked  upon  a  strip  of  paper,  revolving  with  uniform 

L rapidity,  the  lines  produced  by  its  alternate  elevation  and  depression 

^^K      By  these  curves,  therefore,  both  the  extent  and  rapidity  of  distension 
^^1     of  different  parta  of  the  elastic  tube  Vfere  accurately  registered 
^^f     The  curves  thus  produced  are  as  follows: — 

Fig,  93. 

1 

4 

^^^H 

i^^m^i 

Ik>dl.uidl»(fgr<i«.    I  AI  >  d(>UBM  iron  It    3.  8CIU  fttiMr  »idov«I 

It  will  be  seen  that  the  whole  time  of  pulsation  is  everywhere  o: 
equal  length,  and  that  the  distension  everywhere  begins  at  the  same 
moment.     But  at  the  beginning  of  the  tube  the  expansion  is  wide 
gg      «id  sudden,  and  occupies  only  a  sixth  part  of  the  entire  pulsation 
HB     while  rU  the  rest  is  taken  up  by  a  slow  reaction.     At  the  more 
^^H     remote  points,  however,  the  period  of  expansion  becomes  longe 
^^H     end  that  of  collapse  shorter;  until  at  3  the  two  periods  are  com 
^^^K  ,p]etely  equalized,  and  the  amount  of  expansion  is  at  the  same  time 
^^P    reduced  one-half.     Thus,  the  farther  the  blood  passes  from  the  heart 
1             outward,  the  more  uniform  is  its  flow,  and  the  more  moderate  the 
1              distension  of  the  arteries. 

^^          Owing  to  the  alternating  contractions  and  relaxations  of  the  heart 

^^L     accordingly,  the  blood  passes  through  the  arteries,  not  in  a  steady 

^^P     stream,  but  in  a  series  of  welling  impulses;  and  the  hemorrhage 

^r    from  a  wounded  artciy  is  readily  distinguished  from  venous  or 

capillary  hemorrhage  by  the  fact  that  the  blood  flows  in  successive 

jets,  as  well  as  more  rapidly  and  abundantly.     If  a  puncture  be 

made  in  the  walls  of  the  ventricle,  and  a  slender  caniila  introduced 

1 
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the  flow  of  the  blood  through  it  is  seen  to  be  entirely  intermittent. 
A  strong  jet  takes  plaoe  at  each  ventricular  contraction,  and  at  each 
relaxation  the  flow  is  completely  interrupted.  If  the  puncture  be 
made,  however,  in  any  of  the  large  arteries  near  the  heart,  the  flow 
of  blood  through  the  orifice  is  no  longer  intermittent,  but  is  con- 
tinuous ;  only  it  is  very  much  stronger  at  the  time  of  ventricular 
contraction,  and  diminishes,  though  it  does  not  entirely  cease,  at 
the  time  of  relaxation.  If  the  blood  were  driven  through  a  series 
of  perfectly  rigid  and  unyielding  tubes,  its  flow  would  be  every- 
where intermittent ;  and  it  would  be  delivered  from  an  orifice  situ- 
ated at  any  point,  in  perfectly  interrupted  jets.  But  the  arteries 
are  yielding  and  elastic;  and  this  elasticity,  as  we  have  already 
explained,  moderates  the  force  of  the  separate  arterial  pulsations, 
and  gradually  fuses  them  with  each  other.  The  interrupted  or 
pulsating  character  of  the  arterial  current,  therefore,  which  is 
strongly  pronounced  in  the  immediate  vicinity  of  the  heart,  becomes 
gradually  lost  and  equalized,  during  its  passage  through  the  vessels, 
until  in  the  smallest  arteries  it  is  nearly  imperceptible. 

The  same  effect  of  an  elastic  medium  in  equalizing  the  force  of 
an  interrupted  current  may  be  shown  by  fitting  to  the  end  of  a 
common  syringe  a  long  glass  or  metallic  tube.  Whatever  be  the 
length  of  the  inelastic  tubing,  the  water  which  is  thrown  into  one 
extremity  of  it  by  the  syringe  will  be  delivered  from  the  other  end 
in  distinct  jets,  corresponding  with  the  strokes  of  the  piston ;  but  if 
the  metallic  tube  be  replaced  by  one  of  India  rubber,  of  sufficient 
length,  the  elasticity  of  this  substance  merges  the  force  of  the  sepa- 
rate impulses  into  each  other,  and  the  water  is  driven  out  from  the 
farther  extremity  in  a  continuous  stream. 

The  elasticity  of  the  arteries,  however,  never  entirely  equalizes 
the  force  of  the  separate  cardiac  pulsations,  since  a  pulsating  cha- 
racter can  be  seen  in  the  flow  of  the  blood  through  even  the  smallest 
•■  arteries,  under  the  microscope  ;  but  this  pulsating  character  dimi- 
j  nishes  very  considerably  from  the  heart  outward,  and  the  current 
i  becomes  much  more  continuous  in  the  smaller  vessels  than  in  the 
larger. 

The  primary  cause,  therefore,  of  the  motion  of  the  blood  in  the 
arteries  is  the  contraction  of  the  ventricles,  which,  by  driving  out 
the  blood  in  interrupted  impulses,  distends  at  every  stroke  the 
whole  arterial  system.  But  the  arterial  pulse  is  not  exactly  syn- 
chronous everywhere  with  the  beat  of  the  heart;  since  a  certain 
amount  of  time  is  required  to  propagate  the  blood-wave  from  the 
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centre  of  the  circulation  outward.    The  pulse  of  the  radial  artery 
at  the  wrist  is  perceptibly  later  than  that  of  the  heaVt;  and  the 
pulse  of  the  posterior  tibial  at  the  ankle,  again,  perceptibly  later 
than  that  at  the  wrist    The  arterial  circulation,  accordingly,  is  not 
an  entirely  simple  phenomenon ;  but  is  made  up  of  the  combined 
effects  of  two  different  physical  forces.    In  the  first  place,  there  is 
the  elasticity  of  the  entire  arterial  system,  by  which  the  blood  is  | 
subjected  to  a  constant  and  uniform  pressure,  quite  independent  of  | 
the  action  of  the  heart.    Secondly,  there  is  the  alternating  contrac- 1 
tion  and  relaxation  of  the  "hearty  by  which  the  blood  is  driven  in/ 
rapid  and  successive  impulses  from  the  centre  of  the  circulation,  to/ 
be  thence  distributed  throughout  the  body. 

The  passage  of  the  blood  through  the  arterial  system  takes  place 
under  a  certain  degree  of  constant  pressure.  For  these  vessels  being 
everywhere  elastic,  and  filled  with  blood,  they  constantly  tend  to 
react,  more  or  less  vigorously,  and  to  compress  th^  circulating  fluid 
which  they  contain.  If  any  one  of  the  arteries,  accordingly,  be 
opened  in  the  living  animal,  and  a  glass  tube  inserted,  the  blood 
will  immediately  be  seen  to  rise  in  the  tube  to  a  height  of  about 
five  and  a  half  or  six  feet,  and  will  remain  at  that  level ;  thus  indi- 
cating the  pressure  to  which  it  was  subjected  in  the  interior  of  the 
vessels.  This  constant  pressure,  which  is  thus  due  to  the  reaction 
of  the  entire  arterial  system,  is  known  as  the  arterial  pressure. 

The  degree  of  arterial  pressure  may  be  easily  measured  by  con- 
necting the  open  artery,  by  a  flexible  tube,  with  a  small  reservoir 
of  mercury,  which  is  provided  with  a  narrow  upright  glass  tube, 
open  at  its  upper  extremity.  When  the  blood,  therefore,  urged  by 
the  reaction  of  the  arterial  walls,  presses  upon  the  sur&ce  of  the 
mercury  in  the  receiver,  the  mercury  rises  in  the  upright  tube,  to 
a  corresponding  height  By  the  use  of  this  instrument  it  is  seen, 
in  the  first  place,  that  the  arterial  pressure  is  nearly  the  same  all 
over  the  body.  Since  the  cavity  of  the  arterial  system  is  every- 
where continuous,  the  pressure  must  necessarily  be  communicated, 
by  the  blood  in  its  interior,  equally  in  all  directions.  Accordingly, 
the  constant  pressure  is  the  same,  or  nearly  so,  in  the  larger  and  the 
smaller  arteries,  in  those  nearest  the  heart,  and  those  at  a  distance. 
This  constant  pressure  averages,  in  the  higher  quadrupeds,  six 
inches  of  mercury,  which  is  equivalent  to  from  five  and  a  half  to 
six  feet  of  blood. 

It  is  also  seen,  however,  in  employing  such  an  instrument,  that 
the  level  of  the  mercury,  in  the  upright  tube,  is  not  perfectly  steady, 
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but  rises  and  falls  with  the  pulsations  of  the  heart.  Thus,  at  every 
contraction' of  the  ventricle,  the  mercury  rises  for  about  half  an 
inch,  and  at  every  relaxation  it  falls  to  its  previous  level.  Thus  the 
instrument  becomes  a  measure,  not  only  for  the  constant  pressure  of 
the  arteries,  but  also  for  the  intermitting  pressure  of  the  heart ;  and 
on  that  account  it  has  received  the  name  of  the  carcUometer.  It  is 
seen,  accordingly,  that  each  contraction  of  the  heart  is  superior  in 
force  to  the  reaction  of  the  arteries  by  about  one-twelfth ;  and  these 
vessels  are  kept  filled  by  a  succession  of  cardiac  pulsations^  and 
discharge  their  contents  in  turn  into  the  capillaries,  by  their  own 
elastic  reaction. 

The  rajjidity  with  which  the  blood  circulates  through  the  arterial 
system  is  very  great  Its  velocity  is  greatest  in  the  immediato 
neighborhood  of  the  hearty  and  diminishes  somewhat  as  the  Uood 
recedes  farther  and  farther  from  the  centre  of  the  circulation.  This 
diminution  in  the  rapidity  of  the  arterial  current  is  due  to  the  suc- 
cessive division  of  the  aorta  and  its  primary  branches  into  smaller 
and  smaller  ramifications,  by  which  the  total  calibre  of  the  arterial 
system,  as  we  have  already  mentioned,  is  somewhat  increased.  The 
blood,  therefore,  Sowing  through  a  larger  space  as  it  passes  outward, 
necessarily  moves  more  slowly.  At  the  same  time  the  increased 
extent  of  the  arterial  parietes  with  which  the  blood  comes  in  oon- 
tact)  as  well  as  the  mechanical  obstacle  arising  froim  the  division  of 
the  vessels  and  the  separation  of  the  streams,  undoubtedly  contri- 
butes more  or  less  to  retard  the  currents.  The  mechanical  obstacle, 
however,  arising  from  the  friction  of  the  blood  against  the  walls  of 
the  vessels^  which  would  be  very  serious  in  the  case  of  water  or  any 
similar  fluid  flowing  through  glass  or  metallic  tubes,  has  compara- 
tively little  effect  on  the  rapidity  of  the  arterial  circulation.  This 
can  readily  be  seen  by  microscopic  examination  of  any  transparent 
and  vascular  ti^ue.  The  internal  surface  of  the  arteries  is  so  smooth 
and  yielding,  and  the  consistency  of  the  circulating  fluid  so  accu- 
rately adapted  to  that  of  the  vessels  which  contain  it,  that  the 
retarding  effects  of  friction  are  reduced  to  a  minimum,  and  the 
blood  in  flowing  through  the  vessels  meets  with  the  least  possible 
resistance. 

It  is  owing  to  this  fact  that  the  arterial  circulation,  though  some- 
what slower  toward  the  periphery  than  near  the  heart,  yet  retains 
a  very  remarkable  velocity  throughout ;  and  even  in  arteries  of  the 
minutest  size  it  is  so  rapid  that  the  shape  of  the  blood-globules  can- 
not be  distinguished  in  it  on  microscopic  examination,  but  only  a 
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given  signal,  the  two  plugs  were  suddenly  turned  in  opposite 
directions,  the  stream  of  blood  would  be  turned  out  of  its  course 
(Fig.  95),  and  made  to  traverse  a  long  bent  tube  of  glass  {d,  d,  dj, 
before  again  finding  its  way  back  to  the  lower  portion  of  the  artery. 
In  this  way  the  distance  passed  over  by  the  blood  in  a  given  time 
could  be  readily  measured  upon  a  scale  attached  to  the  side  of  the 
glass  tube.  Volkmann  found,  as  the  average  result  of  his  obser- 
vations,  that  the  blood  moves  in  the  carotid  arteries  of  warm-blooded 
quadrupeds  with  a  velocity  of  12  inches  per  second. 

VENOUS  CIRCULATION. 

The  veins^  which  collect  the  blood  from  the  tissues  and  return  it 
to  the  heart,  are  composed,  like  the  arteries,  of  three  coats;  an  inner, 
middle,  and  exterior.  In  structure,  they  differ  from  the  arteries  in 
containing  a  much  smaller  quantity  of  muscular  and  elastic  fibres, 
and  a  larger  proportion  of  simple  condensed  areolar  tissue.  They 
are  consequently  more  flaccid  and  compressible  than  the  arteries^ 
and  less  elastic  and  contractile.  They  are  furthermore  distin- 
guished, throughout  the  limbs,  neck,  and  external  portions  of  the 
head  and  trunk,  by  being  provided  with  valves^  consisting  of  fibrous 
sheets  arranged  in  the  form  of  festoons,  and  so  placed  in  the  cavity 
of  the  vein  as  to  allow  the  blood  to  pass  readily  from  the  periphery 
toward  the  heart,  while  they  prevent  altogether  its  reflux  in  an 
opposite  direction. 

Although  the  veins  are  provided  with  walls  which  are  very  much 
thinner  and  less  elastic  than  those  of  the  arteries,  yet,  contrary  to 
what  we  might  expect,  their  capacity  for  resistance  to  pressure  is 
equal,  or  even  superior,  to  that  of  the  arterial  tubes.  Milne  Ed- 
wards* has  collected  the  results  of  various  experiments,  which  show 
that  the  veins  will  sometimes  resist  a  pressure  which  is  sufiicientto 
rupture  the  walls  of  the  arteries.  In  one  instance  the  jugular  vein 
supported,  without  breaking,  a  pressure  equal  to  a  column  of  water 
148  feet  in  height ;  and  in  another,  the  iliac  vein  of  a  sheep  resisted 
a  pressure  of  more  than  four  atmospheres.  The  portal  vein  was 
found  capable  of  resisting  a  pressure  of  six  atmospheres ;  and  in 
one  case,  in  which  the  aorta  of  a  sheep  was  ruptured  by  a  pressure 
of  158  pounds,  the  vena  cava  of  the  same  animal  supported  a  pres- 
sure equal  to  176  pounds. 

'  LeqoDS  sur  la  Physiologie,  &c.,  vol.  iv.  p.  301. 
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This  resistance  of  the  veins  is  to  be  attributed  to  the  large  pro- 1 
portion  of  white  fibrous  tissue  which  enters  into  their  composition ; 
the  same  tissue  which  forms  nearly  the  whole  of  the  tendons  and 
fasciBd,  and  which  is  distinguished  by  its  density  and  unyielding 
nature. 

The  ehaticity  of  the  veins,  however,  is  much  less  than  that  of  the 
arteries.  When  they  are  filled  with  blood,  they  enlarge  to  a  certain 
size,  and  collapse  again  when  the  pressure  is  taken  off;  but  they  do 
not  react  by  virtue  of  an  elastic  resilience,  or,  at  leasts  only  to  a 
slight  extent^  as  compared  with  the  arteries.  Accordingly,  when 
the  arteries  are  cut  across,  and  emptied  of  blood,  they  still  remain 
open  and  pervious,  retaining  the  tubular  form,  on  account  of  the 
elasticity  of  their  walls ;  while,  if  the  veins  be  treated  in  the  same 
way,  their  sides  simply  £Etll  together  and  remain  in  contact  with  each 
other. 

Another  peculiarity  of  the  venous  system  is  the  abundance  of 
the  separaie  channels,  which  it  affords,  for  the  flow  of  blood  from 
the  periphery  towards  the  centre.  The  arteries  pass  directly  from 
the  heart  outward,  each  separate  branch,  as  a  general  rule,  going 
to  a  separate  region,  and  supplying  that  part  of  the  body  with 
all  the  blood  which  it  requires ;  so  that  the  arterial  system  is  kept 
constantly  filled  to  its  entire  capacity  with  the  blood  which  passes 
through  it  But  that  is  not  the  case  with  the  veins.  In  injected 
preparations  of  the  vascular  system,  we  have  often  two,  three, 
four,  or  even  five  veins,  coming  together  from  the  same  region  of 
the  body.  There  are  also  abundant  inosculations  between  the  dif- 
ferent veins.  The  deep  veins  which  accompany  the  brachial  artery 
inosculate  freely  with  each  other,  and  also  with  the  superficial  veins 
of  the  arm.  In  the  veins  coming  from  the  head,  we  have  the  ex- 
ternal jugular  communicating  with  the  thyroid  veins,  the  anterior 
jugular,  and  the  brachial  veins.  The  external  and  internaLjugulars 
communicate  with  each  other,  and  the  two  thyroid  veins  also  form 
an  abundant  plexus  in  front  of  the  trachea. 

Thus  the  blood,  coming  from  the  extremities  toward  the  heart, 
flows,  not  in  a  single  channel,  but  in  many  channels ;  and  as  these 
channels  communicate  freely  with  each  other,  the  blood  passes  some- 
times through  one  of  them,  and  sometimes  through  another. 

The  flow  of  blood  through  the  veins  is  less  powerful  and  regular 
than  that  through  the  arteries.  It  depends  on  the  combined  action 
of  three  different  forces. 
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1.  The  force  of  aapircUion  of  tJie  thorax. — When  the  chest  expands 
bj  the  lifling  of  the  ribs  and  the  descent  of  the  diaphragm,  its 
movement,  of  course,  tends  to  diminish  the  pressure  exerted  upon 
its  contents,  and  so  has  the  effect  of  drawing  into  the  thoracic  cavity 
all  the  fluids  which  can  gain  access  to  it.  The  expanded  cavity  is 
principally  filled  by  the  air.  which  passes  in  through  the  trachea 
and  fills  the  bronchial  tubes  and  the  pulmonary  vesicles.  But  the 
blood  in  the  veins  is  also  drawn  into  the  chest  at  the  same  time  and 
by  the  same  force.  This  force  of  aspiration,  exerted  by  the  expan- 
sion of  the  chest,  is  gentle  and  uniform  in  character,  like  the  move- 
ments of  respiration  themselves.  Accordingly  its  influence  is  ex- 
tended, without  doubt,  to  the  farthest  extremities  of  the  venous 
system,  the  blood  being  gently  solicited  toward  the  heart,  at  each 
expansion  of  the  chest,  without  any  visible  alteration  in  the  size  of 
the  veins,  which  are  filled  up  from  behind  as  fast  as  they  are  emptied 
in  front. 

But  if  the  movement  of  inspiration  be  sudden  and  violent,  instead 
of  gentle  and  easy,  a  difterent  effect  is  produced.  For  then  the  walls 
of  the  veins,  which  are  thin  and  flaccid,  cannot  retain  their  position, 
but  collapse  under  the  external  pressure  too  rapidly  to  allow  the 
blood  to  flow  in  from  behind.  In  this  case,  therefore,  the  vein  is 
simply  emptied  in  the  immediate  neighborhood  of  the  chest,  but 
the  entire  venous  circulation  is  not  assisted  by  the  movement. 

The  same  difference  in  the  effect  of  an  easy  and  a  violent  suction 
movement,  may  be  readily  shown  by  attaching  to  the  nozzle  of  an 
air-tight  syringe  a  flexible  elastic  tube  with  thin  walls,  and  placing 
the  other  extremity  of  the  tube  under  water.  If  the  piston  of  the 
syringe  be  now  withdrawn  with  a  gentle  and  gradual  motion,  the 
water  will  be  readily  drawn  up  into  the  tube,  while  the  tube  itself 
suffers  no  visible  change ;  but  if  the  suction  movement  be  made 
rapid  and  violent,  the  tube  will  collapse  instantly  under  the  pres- 
sure of  the  air,  and  will  fail  to  draw  the  water  into  its  cavity. 

A  similar  effect  shows  itself  in  the  living  body.  If  the  jugular 
or  subclavian  vein  be  exposed  in  a  dog  or  cat,  it  will  be  seen  that 
while  the  movements  of  respiration  are  natural  and  easy  no  fluc- 
tuation in  the  vein  can  be  perceived.  But  as  soon  as  the  respira- 
tion becomes  disturbed  and  laborious,  then  at  each  inspiration  the 
vein  is  collapsed  and  emptied;  while  during  expiration,  the  chest 
being  strongly  compressed  and  the  inward  flow  of  the  blood  arrested, 
the  vein  becomes  turgid  with  bUxxl  which  accumulates  in  it  from 
behind.     In  young  children,  also,  the  spasmodic  movements  of  res- 
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piration  in  crying  produce  a  similar  turgeBcence  and  engorgern«nt 
of  the  large  veins  during  expiration,  wbile  they  are  inomciilarily 
emptied  during  the  hurried  and  foroible  inspiration. 

In  natural  and  quiut  reapiration,  thecefore,  the  movements  of  the 
chest  hasten  and  assii^t  the  venous  circulation ;  but  in  forced  or 
laborious  respiration,  they  do  not  assist  and  mny  even  retard  its  How. 

2.  The  cnntracfion  of  the  volunlarg  mvjcles. — The  veins  whioli 
convey  the  blood  through  the  limbs,  and  the  parietes  of  the  hea<i 
and  trunk,  lie  among  voluntary  muscles,  which  are  more  or  less 
constantly  in  a  state  of  alternate  contraction  and  relaxation.  At 
every  contraction  these  muscles  become  swollen  laterally,  and,  of 
course,  compress  the  veins  which  are  situated  between  them.  The 
blood,  driven  out  from  the  vein  by  this  pressure,  cannot  regurgitate 
toward  the  capillaries,  owing  to  the  valves,  already  described,  which 
shut  back  and  prevent  its  reflux.  It  is  acconlingly  forced  onward 
toward  the  heart;  and  when  the  muscle  relaxes  and  the  vein  is 
liberated  from  pressure,  it  again  fills  up  from  behind,  and  the  cir- 
culation goes  on  aa  before.  This  force  ia  a  very  efficient  one  in 
producing  the  venous  circulation;  since  the  voluntary  muscles  are 
more  or  leas  active  in  every  position  of  the  body,  and  the  veins 
constantly  liable  to  be  compressed  by  them.     It  is  on  this  account 


Fig.  97. 


that  the  veins,  in  the  external  parts  of  the  body,  communicate  so 
freely  witb  each  other  by  transverse  branches;  in  order  that  the 
current  of  blood,  which  is  momentarily  excluded  from  one  vein  by 
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the  pressure  of  the  muscles,  may  readily  find  a  passage  through 
others,  which  communicate  by  cross  branches  with  the  first  (Figs. 
96  and  97.) 

3.  T1i€  force  of  the  capillary  circuhUion. — This  hist  cause  of  the 
motion  of  the  blood  through  the  veins  is  the  most  important  of  all, 
as  it  is  the  only  one  which  is  constantly  and  universally  active.  In 
fish,  for  example,  respiration  is  performed  altogether  by  gills ;  and 
in  reptiles  the  air  is  forced  down  into  the  lungs  by  a  kind  of  deglu- 
tition, instead  of  being  drawn  in  by  the  expansion  of  the  chest.  In 
neither  of  these  classes,  therefore,  can  the  movements  of  respiration 
assist  mechanically  in  the  circulation  of  the  blood.  In  the  splanch- 
nic cavities,  again,  of  all  the  vertebrate  animals,  the  veins  coming 
from  the  internal  organs,  as,  for  example,  the  cerebral,  pulmonary, 
portal,  hepatic,  and  renal  veins,  are  unprovided  with  valves ;  and 
the  passage  of  the  blood  through  them  cannot  therefore  be  effected 
by  any  lateral  pressure.  The  circulation,  however,  constantly  going 
on  in  the  capillaries,  everywhere  tends  to  crowd  the  radicles  of  the 
veins  with  blood ;  and  this  vis  a  tergo,  or  pressure  from  behind,  fills 
the  whole  venous  system  by  a  constant  and  steady  accumulation. 
So  long,  therefore,  as  the  veins  are  relieved  of  blood  at  their  cardiac 
extremity  by  the  regular  pulsations  of  the  heart,  there  is  no  back- 
ward pressure  to  oppose  the  impulse,  derived  from  the  capillary  cir- 
culation ;  and  the  movement  of  the  blood  through  the  veins  continues 
in  a  steady  and  uniform  course. 

With  regard  to  the  rapidity  of  the  venous  circulation,  no  direct 
results  have  been  obtained  by  experiment  Owing  to  the  flaccidity 
of  the  venous  parietes,  and  the  readiness  with  which  the  flow  of 
blood  through  them  is  disturbed,  it  is  not  possible  to  determine  this 
point  for  the  veins,  in  the  same  manner  as  it  has  been  determined 
for  the  arteries.  The  only  calculation  which  has  been  made  in  this 
respedlll^  baaed  upon  a  comparison  of  the  total  capacity  of  the 
arterial  and  venous  systems.  As  the  same  blood  which  passes  out- 
ward through  the  arteries,  passes  inward  again  through  the  veins, 
the  rapidity  of  its  flow  in  each  must  be  in  inverse  proportion  to  the 
capacity  of  the  two  sets  of  vessels.  That  is  to  say,  a  quantity  of 
blood  which  would  pass  in  a  given  time^  with  a  velocity  of  x, 
through  an  opening  equal  to  one  square  inch,  would  pass  during 
the  same  time  through  an  opening  equal  to  two  square  inches,  with 
a  velocity  of  J ;  and  would  require,  on  the  other  hand,  a  velocity 
of  2  r,  to  puss  in  the  same  time  through  an  opening  equal  to  one- 
half  a  square  inch.     Now  tlio  capacity  of  the  entire  venous  system, 


THE    CAPILLARY   CIRCULATION. 


295 


when  disteuded  hy  injection,  is  about  twice  as  great  as  that  of  tlie 
intire  arterial  system.  During  life,  however,  the  venous  system  i3 
t  no  time  so  completely  filled  with  blood  as  is  the  caae  with  the 

"  arteries,  iind,  making  allowance  for  this  diflbrence,  we  find  that  the 
entire  quantity  of  veuuua  blood  is  to  the  entire  quantity  of  arterial 
blood  nearly  as  three  to  two.  The  velocity  of  the  venous  blood, 
as  compared  with  that  of  the  arterial,  is  therefore  as  two  to  three ; 
or  about  8  inches  per  second.  It  will  be  understood,  however,  that 
this  calculation  is  altogether  approximative,  and  not  exact ;  since 
the  venous  current  varies,  according  to  many  different  circumstances, 
in  different  parts  of  the  body;  being  slower  near  the  capillaries, 
and  more  rapid  near  the  heart.     It  expresses,  however,  with  suffi- 

Ltiient  accuracy,  the  relative  velocity  of  the  arterial  and  venous  cur- 
mts,  at  corresponding  parts  of  their  course. 


THE  CAPILLARY   CIBCULATION. 

The  capillary  bloodvessels  are  minute  inosculating  tubes,  which 
lermeate  the  vascular  organs  in  every  direction,  and  bring  the 
pMood  into  intimate  contact  with  the  substance  of  the  tissues.  They 
We  continuous  with  the  terminal  ramifications  of  the  arteries  on 
le  hand,  and  with  the 


Fig.  BB. 


3  com- 
bencing  rootlets  of  the  veins  on 
ihe  other.  They  vary  aomewliat 
(t  size  in  different  organs,  and  in 
Biflfercnt  species  of  animals;  their 
[ferage  diameter  in  the  human 
(uhjeet  beingalittleover  jo'oo  of 
1  inch.  Tliey  are  composed  of 
ingle,  transparent,  homogeno- 
,  somewhat  elastic,  tubular 
mbrane,  which  is  provided  ;it 
ioua  intervals  with  flattened, 
Wai  nuclei.  As  the  smaller  arte- 
^es approach  the  capillaries,  tliey 
diminish  constantly  in  size  by 
successive  subdivision,  and  lose  *"*'t  abtfit.  wu"  i"  ""■eoisr  laow 
^rat   their   external    or    fibrous    «"«w'*"  """''  """"'' 

They  are  then  composwl 
blynf  the  internal  or  hnim-gencons  coat,  and  the  midfUeormuscn- 
(Fig.  98,  a.)    The  middle  coat  then  diminishes  in  thicknessi 
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until  it  is  reduced  to  a  single  layer  of  circular,  fusiform,  unstriped,- 1 
muscular  fibres,  which  in  their  turn  disappear  altogether,  as  tbo-^ 
artery  merges  at  last  in  the  capillaries ;  leaving  only,  a.s  we  havft  4 
already  mentioned,  a  simple,  homogeneous,  nucleated,  tubular  memr  i 
brane,  which  is  continuous  with  the  internal  arterial  tunic. 

The  capillaries  are  further  distinguished  from  buth  arteries  and  4 
veins   by  their   fn.'quent   inosculation.       The   arteries  constantly  i 
divide  and  subdivi'L-,  us  they  pass  from  within  outward;   wliila  | 
the  veins  aa  constantly  unite  with  each  other  to  form  larger  and  i 
less  numerous  branches  and  trunks,  aa  they  pass  from  the  circum- 
ference toward  the  centre.     But  the  capillaries  simply  inosculate 
with  each  other  in  every  directiim,  in  such  a  manner  as  to  form  an 
interlacing  network  or  plexus,  the  capillary  phxm  (Fig.  99),  which.  J 
is  exceedingly  rich  and  abundant  in  Fome  organs,  less  so  in  others.! 
The  spaces  included  between  the  meshes  of  the  capillary  network  ^ 
t,  in  different  parts  of  the  body, 
In  the  muscular  tissue  they 


vary  also,  in  shape  as  well  b 
Pi«.  9fi. 


form  long  parallelograms;  in 
the  areolar  tissue,  irregular 
shapeless  figures,  correspond- 
ing with  the  direction  of  the 
fibrous  bundles  of  which  thaJ 
tissue  is  composed.     In  thaJ 
mucous    menibraae    of   tha  I 
large  intestine,  the  capillaries  j 
include  hexagonal  or  nearly  1 
circular  spaces,  inclosing  tha  I 
orifices  of  the  follicles.     la  I 
the  pupilliB  of  thetonfrue  and  I 
of  the  skin,  aud  in  the  tufts  I 
of   the    placenta,    they    ara  I 
arrmgeil  in  iongepiral  loops,  / 
and  in  the  adipo^  tissue  in  wide  meshes,  among  which  the  fat  i 
vesicles  are  entangled. 

The  motion  of  the  thnd  in  tiie  capillaries  may  be  studied  by 
examining  under  the  microacope  any  transparent  tissue,  of  a 
Buflicient  degree  of  vascularity.  One  of  the  moat  convenient  parts 
for  this  purpose  is  the  web  of  the  frog's  foot.  When  properly 
prepared  and  kept  moistened  by  the  occasional  addition  of  water 
to  the  integument,  the  circulation  will  go  on  in  its  vessels  for  aa 
indefinite  length  of  time.       The  blood  can  be  seen  entering  tha 
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Fig.  lf-0. 


field  ty  tba  smaller  arteries,  shooting  tlirough  tbem  with  great 
rapidity  aud  in  sucoessive  impulaes,  and  flowing  off  again  by  the 
veins  at  a  somewhat  slow  rate.  In  the  capillaries  themselves 
the  circulation  is  considerably  less  rapid  than  in  either  the  arteries 
or  the  veins.  It  is  also  perfectly  steady  and  uninterrupted  in  its 
flow.  The  blood  passes  along  in  a  uniform  and  continuous  current, 
without  any  apparent  contraction  or  dilatation  of  the  vesaels,  very 
much  as  if  it  were  flowing 
through  glass  tubes.  An- 
other very  remarkable  pe- 
culiarity of  the  capillar 
circulation  is  that  it  has  n 
definite  direction.  The  m: 
merous  streams  of  which  i 
is  composed  (Fig.  100)  d 
not  tend  to  the  right  or  t 
the  left,  nor  toward  any  on 
particular  point.  On  th 
contrary,  they  pass  abov 
and  beiow  each  other,  .- 
right  angles  to  each  other  - 
course,  or  even  in  opposite 

directions;  so  that  the  blood,    " 

while  in  the  cnpiJIaries,  merely  circulates  promisciiously  among 
the  tissues,  in  such  a  manner  as  to  come  intimately  iu  contact  wilb 
every  part  of  their  substance. 

The  motion  of  the  white  and  red  globules  in  the  circulating  blood 
ia  also  peculiar,  and  shows  very  distinctly  the  diflerenee  in  their 
consistency  and  other  phy.sical  properties.  In  the  larger  vessels 
the  red  globules  are  carried  along  in  a  dense  column,  in  the  central 
part  of  the  stream ;  while  near  the  edges  of  the  vessel  there  is  a 
transparent  spacfe  occupied  only  by  the  clear  plasma  of  the  blood, 
in  which  no  red  globules  are  to  be  seen.  In  the  smaller  vesaeK 
the  globules  pass  along  in  a  narrower  column,  two  by  two.  or 
following  each  other  in  single  file.  The  flexibility  and  semi-fluid 
con,sistency  of  these  globules  are  here  very  apparent,  from  the 
readiness  with  which  they  become  folded  up,  bent  or  twisted  in 
turning  corners,  and  the  ease  with  which  they  glide  through  minute 
branches  of  communication,  smaller  in  diameter  than  themselves. 
The  white  globules,  on  the  other  hand,  flow  more  slowly  and  with 
greater  difficulty  through  the  vessL'Is.     They  drag  along  the  ester- 
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nal  portions  of  the  current,  and  are  sometimes  momentarily  arrested ; 
apparently  adhering  for  a  few  seconds  to  the  internal  surface  of  the 
vessel.  Whenever  the  current  is  obstructed  or  retarded  in  any 
manner,  the  white  globules  accumulate  in  the  affected  portion,  and 
become  more  numerous  there  in  proportion  to  the  red. 

It  is  during  the  capillary  circulation  that  the  blood  serves  for 
the  nutrition  of  the  vascular  organs.  Its  fluid  portions  slowly 
transude  through  the  walls  of  the  vessels,  and  are  absorbed  by  the 
tissues  in  such  proportion  as  is  requisite  for  their  nourishment. 
The  saline  substances  enter  at  once  into  the  composition  of  the 
surrounding  parts^  generally  without  undergoing  any  change.  The 
phosphate  of  Ume,  for  example^  is  taken  up  in  large  quantity  by 
the  bones  and  cartilages,  and  in  smaller  quantity  by  the  softer  parts ; 
while  the  ohlorides  of  sodium  and  potassium,  the  carbonates,  sul- 
phatesy  &c.|  are  appropriated  in  special  proportions  by  the  different 
tissues,  according  to  the  quantity  necessary  for  their  organization. 
The  albuminous  ingredients  of  the  blood,  on  the  other  hand,  are 
not  only  absorbed  in  a  similar  manner  by  the  animal  tissues,  but  at 
the  same  time  are  transformed  by  catalysis,  and  converted  into  new 
materials^  characteristio  of  the  different  tissues.  In  this  way  are 
produced  the  musculine  of  the  muscles,  the  osteine  of  the  bones,  the 
cartilagine  of  the  cartilages,  &o.  &c.  It  is  probable  that  this  trans- 
formation  does  not  take  place  in  the  interior  of  the  vessels  them- 
selves ;  but  that  the  organic  ingredients  of  the  blood  are  absorbed 
by  the  tissues,  and  at  the  same  moment  converted  into  new  mate- 
rials, by  contact  with  their  substance.  The  blood  in  this  way  fur- 
nishes, directly  or  indirectly,  all  the  materials  necessary  for  the 
nutrition  of  the  body. 

The  physical  conditions  which  influence  the  movement  of  the 
blood  in  the  capillaries,  are  somewhat  different  from  those  which 
regulate  the  arterial  and  venous  circulations.  We  must  remember 
that,  as  the  arteries  pass  from  the  heart  outward,  they  subdivide  and 
ramify  to  such  an  extent  that  the  surface  of  the  arterial  walls  is 
very  much  increased  in  proportion  to  the  quantity  of  blood  which 
they  contain.  It  is  on  this  account  that  the  arterial  pulsation  is  so 
much  equalized  at  a  distance  from  the  heart,  since  the  influence  of 
the  elasticity  of  the  arterial  coat«  is  thus  constantly  increased  from 
within  outward.  But  as  these  vessels  finally  reach  the  confines 
of  the  arterial  system,  having  already  been  very  much  increased 
in  number  and  diminished  in  size,  they  suddenly  break  up  into 
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a  terminal  ramification  of  still  smaller  and  more  numerous  vessels, 
and  so  lose  themselves  at  last  in  the  capillary  network. 

By  this  final  increase  of  the  vascular  surface,  the  equalization  of 
the  heart's  action  is  completed.  There  is  no  longer  any  intermitting 
or  pulsatile  character  in  the  force  which  acts  upon  the  circulating 
fluid;  and  the  blood,  accordingly,  is  delivered  from  the  arteries  into 
the  capillaries  under  a  perfectly  continuous  and  uniform  pressure. 

This  pressure  is  sufficient  to  cause  the  blood  to  pass  with  con- 
siderable rapidity,  through  the  capillary  plexus,  into  the  commence- 
ment of  the  veind.  This  fact  was  first  demonstrated  by  Prof. 
Sharpey/  of  London,  who  employed  an  injecting  syringe  with  a 
double  nozzle,  one  extremity  of  which  was  connected  with  a  mercu- 
rial gauge,  while  the  other  was  inserted  into  the  artery  of  a  recently 
killed  animal.  When  the  syringe,  filled  with  defibrinated  blood, 
was  fixed  in  this  position  and  the  vessels  of  the  animal  injected,  the 
defibrinated  blood  would  press  with  equal  force  upon  the  mercury 
in  the  gauge  and  upon  the  fluid  in  the  bloodvessels ;  and  thus  it 
was  easy  to  ascertain  the  exact  amount  of  pressure  required  to  force 
the  defibrinated  blood  through  the  capillaries  of  the  animal,  and  to 
make  it  return  by  the  corresponding  vein.  In  this  way  Prof. 
Sharpey  found  that  when  the  free  end  of  the  injecting  tube  was 
attached  to  the  mesenteric  artery  of  the  dog,  a  pressure  of  90  milli- 
metres of  mercury  caused  the  blood  to  pass  through  the  capillaries 
of  the  intestine  and  of  the  liver ;  and  that  under  a  pressure  of  130 
millimetres,  it  flowed  in  a  full  stream  from  the  divided  extremity 
of  the  vena  cava. 

We  have  also  performed  a  similar  experiment  on  the  vessels  of 
the  lower  extremity.  A  full  grown  healthy  dog  was  killed,  and 
the  lower  extremity  immediately  injected  with  defibrinated  blood, 
by  the  femoral  artery,  in  order  to  prevent  coagulation  in  the  smaller 
vessels.  A  syringe  with  a  double  flexible  nozzle  was  then  filled 
with  defibrinated  blood,  and  one  extremity  of  its  injecting  tube 
attached  to  the  femoral  artery,  the  other  to  the  mouthpiece  of  a 
cardiometer.  By  making  the  injection,  it  was  then  found  that  tho 
defibrinated  blood  ran  from  the  femoral  vein  in  a  continuous  stream 
under  a  pressure  of  120  millimetres,  and  that  it  was  discharged  very 
freely  under  a  pressure  of  180  millimetres. 

Since,  as  we  have  already  seen,  the  arterial  pressure  upon  the 

■  Toiid  anil  Duwinaun,  Plijr«iol«g!oal  Aumtoiiijr  ami  Plijraiologj  of  man,  vol.  ii.  p. 
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blood  u  equal  to  six  inches^  or  150  millimetref^  of  mercarv,  it  is 
evident  that  this  pressure  is  sufficieut  to  propel  the  blood  through 
the  capillary  circulation. 

Beside,  the  blood  is  not  altogether  relicTed  from  the  influenoe  of 
elasticity,  after  it  has  left  the  urteries.  Fur  the  capillaries  them- 
selves are  elastic,  notwithstanding  the  delicate  texture  of  their 
walls;  and  even  the  tissues  of  the  organs  which  they  traverse 
possess^  in  many  instances,  a  considerable  share  of  elasticity,  owing 
to  the  minute  elastic  fibres  which  are  scattered  through  their  sub- 
stance. These  elastic  fibres  are  found  in  considerable  quantity  in 
the  lungs,  the  spleen,  the  skin,  the  lobulated  glands^  and  more  or 
less  in  the  mucous  membranes.  They  are  abundant,  of  course,  in 
the  fibrous  tissues  of  the  extremities,  in  the  &sci»,  the  tendons,  and 
the  intermuscular  substance. 

In  the  experiment  of  injecting  the  vessels  of  the  lower  extremity 
with  defibrinated  blood,  it'  the  injection  be  stopped,  the  blood  does 
not  instantly  cease  flowing  from  the  extremity  of  the  femoral  vein, 
but  continues  for  a  short  time,  until  the  elasticity  of  the  intervening 
parts  is  exhausted. 

The  same  thing  may  be  observed  even  in  the  liver.  If  the  end 
of  a  water-pipe  be  inserted  into  the  portal  vein,  and  the  liver  in- 
jected with  water  under  the  pressure  of  a  hydrant,  the  liquid  will 
distend  the  vessels  of  the  organ,  and  pass  out  by  the  hepatic  veins. 
But  if  the  portal  vein  be  suddenly  tied  or  compressed,  so  as  to  shut 
off  the  pressure  from  behind,  the  stream  will  continue  to  run,  for 
several  seconds  afterward,  from  the  hepatic  vein,  owing  to  the  re- 
action of  the  organ  itself  upon  the  fluid  contained  in  its  vessels. 

As  a  general  rule,  also,  the  capillaries  do  not  suffer  any  backward 
pressure  from  the  venous  system.  On  the  contrary,  as  soon  as  the 
blood  has  been  delivered  into  the  veins,  it  is  hurried  onward  toward 
the  heart  by  the  compression  of  the  muscles  and  tlie  action  of  the 
venous  valves.  The  right  side  of  the  heart  itself  continues  the  same 
j)rocess,  by  its  regular  contractions,  and  by  the  action  of  its  own 
valvular  apparatus ;  so  that  the  blood  is  constantly  lifted  away  from 
the  capillaries,  by  the  muscular  action  of  the  surrounding  parts. 

These  are  the  most  important  of  the  mechanical  influences  under 
which  the  blood  moves  through  the  continuous  round  of  the  circu- 
lation. The  heart,  by  its  alternating  contractions  and  relaxations, 
and  by  the  backward  play  of  its  valves,  continually  urges  the  blood 
forward  into  the  arterial  system.  The  arteries,  by  their  dilatable 
and  elastic  walls,  convert  the  cardiac  pulsations  into  a  uniform  and 
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Steady  pressure.  Under  this  pressure,  the  blood  pass:8  through  the 
capillarj  vessels;  and  it  is  then  carried  backward  to  the  heart 
through  the  veins,  assisted  by  the  action  of  the  muscles  and  the 
respiratory  movements  of  the  chest. 

At  the  same  time  there  are  certain  phenomena  which  are  very 
important  in  this  respect,  and  which  show  that  various  local  in- 
fluences will  either  excite  or  retard  the  capillary  circulation  in  par- 
ticular parts,  independently  of  the  heart's  action.  The  pallor  or 
suffusion  of  the  face  under  mental  emotion,  the  congestion  of  the 
mucous  membranes  during  the  digestive  process,  the  local  and  de- 
fmed  redness  produced  in  the  skin  by  an  irritating  applicaticm,  are 
all  instauQcs  of  this  sort.  These  plienomena  are  usually  explained 
by  the  contraction  or  dilatation  of  the  smaller  arteries  immediately 
supplying  the  part  with  blood,  under  the  influence  of  nervous 
action.  As  we  know  that  the  smaller  arteries  are  in  fact  provided 
with  organic  muscular  fibres,  this  may  undoubtedly  have  something 
to  do  with  the  local  variations  of  the  capillary  circulation;  but  the 
])recise  manner  in  which  these  effects  are  produced  is  at  present 
unknown. 

The  rapidity  of  the  circulation  in  the  capillary  vessels  is  much 
less  than  in  the  arteries  or  the  veins.  It  may  be  measured,  with  a 
tolerable  approach  to  accuracy,  during  the  microscopic  examination 
of  transparent  and  vascular  tissues,  as,  for  example,  the  web  of  the 
frog's  foot,  or  the  mesentery  of  the  rat.  The  results  obtained  in 
this  way  by  different  observers  (Valentine,  Weber,  Volkmann,  &c.) 
show  that  the  rate  of  movement  of  the  blood  tlirough  the  capil- 
laries is  rather  less  than  one-thirtieth  of  an  inch  per  second ;  or  not 
quite  two  inches  per  minute.  Since  the  rapidity  of  the  current,  as 
we  have  mentioned  above,  must  be  in  inverse  ratio  to  the  entire 
calibre  of  the  vessels  through  which  it  moves,  it  follows  that  the 
united  calibre  of  all  the  capillaries  of  the  bfidy  must  be  from  850  to 
400  times  greater  than  that  of  the  arteries.  It  must  not  be  sup- 
}>osed  from  this,  however,  that  the  whole  quantity  of  blood  contained 
in  the  capillaries  at  any  one  time  is  so  much  greater  than  that  in 
tlie  arteries;  since,  although  the  united  calibre  of  the  capillaries  is 
very  large,  their  length  is  very  small.  The  effect  of  the  anatomical 
structure  of  the  capillary  system  is,  therefore,  merely  to  disseminate 
a  comparatively  small  quantity  of  blood  over  a  very  large  space,  so 
that  the  chemico-physiological  reactions,  necessary  to  nutrition,  may 
take  place  with  promptitude  and  energy.  For  the  same  reason, 
although  the  rate  of  movement  of  the  blood  in  these  vessels  is  very 
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slow,  yet  as  the  distance  to  be  passed  over  between  the  arteries  and 
veins  is  very  small,  the  blood  really  requires  but  a  short  time  to 
traverse  the  capillary  system,  and  to  commence  its  returning  passage 
by  the  veins. 

GENERAL  CONSIDERATIONS. 

The  rapidity  with  which  the  blood  passes  through  the  entire  round 
of  the  circulation  is  a  point  of  great  interest,  and  one  which  has 
received  a  considerable  share  of  attention.  The  results  of  such 
experiments,  as  have  been  tried,  show  that  this  rapidity  is  much 
greater  than  would  have  been  anticipated.  Hering,  Poisseuille,  and 
Matteucci/  have  all  experimented  on  this  subject  in  the  following 
manner.  A  solution  of  ferrocyanide  of  potassium  was  injected 
into  the  right  jugular  vein  of  a  horse,  at  the  same  time  that  a  liga- 
ture was  placed  upon  the  corresponding  vein  on  the  left  side,  and 
an  opening  made  in  it  above  the  ligature.  The  blood  flowing  from 
the  left  jugular  vein  was  then  received  in  separate  vessels,  which 
were  changed  every  five  seconds,  and  the  contents  aft;erward  exa- 
mined. It  was  thus  found  that  the  blood  drawn  from  the  first  to 
the  twentieth  second  contained  no  traces  of  the  ferrocyanide ;  but 
that  which  escaped  from  the  vein  at  the  end  of  firom  twenty  to 
twenty-five  seconds,  showed  unmistakable  evidence  of  the  presence 
of  the  foreign  salt.  The  ferrocyanide  of  potassium  must,  therefore, 
during  this  time,  have  passed  from  the  point  of  injection  to  the 
right  side  of  the  heart,  thence  to  the  lungs  and  through  the  pulmo- 
nary circulation,  returned  to  the  heart,  passed  out  again  through 
the  arteries  to  the  capillary  system  of  the  head  and  neck,  and 
thence  have  commenced  its  returning  passage  to  the  right  side  of 
the  heart,  through  the  jugular  vein. 

By  extending  these  investigations  to  different  animals,  it  was 
found  that  the  duration  of  the  circulatory  movement  varied,  to 
some  extent,  with  the  size  and  species.  In  the  larger  quadrupeds, 
as  a  general  rule,  it  was  longer ;  in  the  smaller,  the  time  required 
was  less. 

In  the  Horse,'  the  mean  duration  waR  28  seconds. 
"     Dog  "        •*  "        "    15        " 

"     Goat        "        "  "        "    13        " 

"     Fox         u        u  II        u    121      »* 

"     Rabbit     "        *«  a        «      7        «i 


'  Physical  Phenomena  of  Living  Beings,  Pereira's  translation,  Philada.  ed.,  1S48, 
p.  317. 
<  In  Milne  Edwards,  Lemons  sor  la  Plijsfologie,  &o.,  toI.  {v.  p.  364. 
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When  these  resalis  were  first  published,  it  was  thought  to  be 
doubtful  whether  the  circulation  were  really  as  rapid  as  they  would 
make  it  appear.  It  was  thought  that  the  saline  matter  which  was 
injected, "  travelled  &ster  than  the  blood  f  that  it  became  "  diffused'' 
through  the  circulating  fluid;  that  it  transuded  through  dividing 
membranes;  or  passed  round  to  the  point  at  which  it  was  detected, 
by  some  short  and  irregular  route. 

But  none  of  these  explanations  have  ever  been  found  to  be  cor- 
rect They  are  all  really  more  improbable  than  the  &ct  which 
they  are  intended  to  explain.  The  physical  diffusion  of  liquids 
does  not  take  place  with  such  rapidity  as  that  manifested  by  the 
circulation ;  and  there  is  no  other  route  so  likely  to  give  passage  to 
the  injected  fluid,  as  the  bloodvessels  and  the  movement  of  the  blood 
itself.  Beside,  the  first  experiments  of  Poisseuille  and  others  have 
not  been  since  invalidated,  in  any  essential  particular.  It  was  found, 
it  is  true,  that  certain  other  substances,  injected  at  the  same  time 
with  the  saline  matter,  might  hasten  or  retard  the  circulation  to  a 
certain  degree.  But  these  variations  were  not  very  marked,  and 
never  exceeded  the  limits  of  fix>m  eighteen  to  forty-five  seconds. 
There  is  no  doubt  that  the  blood  itself  makes  the  same  circuit  in 
very  nearly  the  same  interval  of  time. 

The  truth  is,  however,  that  we  cannot  fix  upon  any  absolutely 
uniform  rate  which  shall  express  the  time  required  by  the  entire 
blood  to  pass  the  round  of  the  whole  vascular  system,  and  return 
to  a  given  point  The  circulation  of  the  blood,  &r  from  being  a 
simple  phenomenon,  like  a  current  of  water  through  a  circular  tube, 
IB,  on  the  contrary,  extremely  complicated  in  all  its  anatomical  and 
physiological  conditions ;  and  it  differs  in  rapidity,  as  well  as  in  its 
physical  and  chemical  phenomena,  in  different  parts  of  the  circu- 
latory apparatus.  We  have  already  seen  how  much  the  form  of 
the  capillary  plexus  varies  in  different  organs.  In  some  the  vascu- 
lar network  is  close,  in  others  comparatively  opeu.  In  some  its 
meshes  are  circular  in  shape,  in  others  polygonal,  in  others  rectan- 
gular. In  some  the  vessels  are  arranged  in  twisted  loops,  in  others 
they  communicate  by  irregular  but  abundant  inosculations.  The 
mere  distance  from  the  heart  at  which  an  organ  is  situated  must 
modify  to  some  extent  the  time  required  for  its  blood  to  return 
again  to  the  centre  of  the  circulation.  The  blood  which  passes 
through  the  coronary  arteries  and  the  capillaries  of  the  heart, 
for  example,  must  be  returned  to  the  right  auricle  in  a  compara- 
tively short  time ;  while  that  which  is  carried  by  the  carotids  into 
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the  capillary  system  of  the  head  and  neck,  to  return  by  the  jngnlars^ 
will  rei^uire  a  longer  interval.  That,  again,  which  descends  by  the 
abdominal  aorta  and  its  divisions  to  the  lower  extremities,  and 
which,  after  circulating  through  the  tissues  of  the  leg  and  foot, 
mounts  upward  through  the  whole  course  of  the  saphena,  femoral, 
iliac  and  abdominal  veins,  must  be  still  longer  on  its  way;  while 
that  which  circulates  through  the  abdominal  digestive  organs  and 
is  then  collected  by  the  portal  system,  to  be  again  dispersed  through 
the  glandular  tissue  of  the  liver,  requires  undoubtedly  a  longer 
period  still  to  perform  its  double  capillary  circulation.  The  blood, 
therefore,  arrives  at  the  right  side  of  the  heart,  from  different  parts 
of  the  body,  at  successive  intervals;  and  may  pass  several  times 
through  one  organ  while  performing  a  single  circulation  through 
another. 

Furthermore,  the  chemical  phenomena  taking  place  in  the  blood 
and  tlie  tissues  vary  to  a  similar  extent  in  different  organs.  The 
actions  of  transformation  and  decomposition,  of  nutrition  and  secre- 
tion, of  endosmosis  and  exosmosis,  which  go  on  simultaneously 
throughout  the  body,  are  yet  extremely  varied  in  their  character, 
and  produce  a  similar  variation  in  the  phenomena  of  the  circula- 
tion. In  one  organ  the  blood  loses  more  fluid  than  it  absorbs ;  in 
another  it  absorbs  more  than  it  loses.  The  venous  blood,  conse- 
quently, has  a  different  composition  as  it  returns  from  different 
organs.  In  the  brain  and  spinal  cord  it  gives  up  those  ingredients 
necessary  for  the  nutrition  of  the  nervous  matter,  and  absorbs  cho- 
lesterine  and  other  materials  resulting  from  its  waste ;  in  the  muscles 
it  loses  those  substances  necessary  for  the  supply  of  the  muscular 
tissue,  and  in  the  bones  those  which  are  requisite  for  the  osseous 
system.  In  the  parotid  gland  it  yields  the  ingredients  of  the  saliva ; 
in  the  kidneys,  those  of  the  urine.  In  the  intestine  it  absorbs  in 
large  quantity  the  nutritious  elements  of  the  digested  food ;  and  in 
the  liver,  gives  up  substances  destined  finally  to  produce  the  bile, 
at  the  same  time  that  it  absorbs  su^ar,  which  has  been  produced 
in  the  hepatic  tissue.  In  the  lungs,  again,  it  is  the  elimination  of 
carbonic  acid  and  the  absorption  of  oxygen  that  constitute  its  prin- 
cipal changes.  It  has  been  already  remarked  that  the  temperature 
of  the  blood  varies  in  different  veins,  according  to  the  peculiar 
chemical  and  nutritive  changes  going  on  in  the  organs  from  which 
they  originate.  Its  color,  even,  which  is  also  dependent  on  the 
chemical  and  nutritive  actions  taking  place  in  the  capillaries,  varies 
in  a  similar  manner.     In  the  lungs  it  changes  from  blue  to  red; 
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1  the  capillaries  of  the  general  system,  from  red  to  blue.     But  its 
tinge  also  varies  very  considerably  in  different  parts  of  tbe  general 
circulation.    The  blood  of  the  hepatic 
veins  is  darker  than  that  of  the  femoral  ^'8-  ^f"- 

or  brachial  vein.  In  the  renal  veins 
it  is  very  much  brighter  than  in  the 
vena  cava ;  and  when  the  circulation 
through  the  kidneys  is  free,  the  blood 
returning  from  them  is  nearly  as  red 
as  arterial  blood. 

We  must  regard  the  circulation  of 
the  blood,  therefore,  not  as  a  simple 
procesSjbutasmadeupofmany  diQer- 
ent  circulations,  going  on  siraultane-- 
ously  in  difierent  organs.  It  has  been 
customary  to  illustrate  it,  in  diagram, 
by  a  double  circle,  or  figure  of  8,  of 
which  the  upper  arc  is  used  to  repre- 
sent the  pulmonary,  the  lower  the  gen- 
eral circulation.  This,  however,  gives 
but  a  very  imperfect  idea  of  the  entire 
circulation,  as  it  really  takes  place.  It 
would  be  much  more  accurately  re- 
presented by  such  a  diagram  as  that 
in  Fig.  101,  in  which  its  variations 
in  different  parts  of  the  body  are 
indicated  in  such  a  manner  as  to  show, 
in  some  degree,  the  complicated  cha- 
racter of  its  phenomena.  The  circula- 
tion is  modilicd  in  these  different  parts, 
not  only  in  its  mechanism,  but  also  in 
its  rapidity  and  quantity,  and  in  the 
nutritive  functions  performed  by  the 
blood.  In  one  part,  it  stimulates  the 
nervous  centres  and  the  organs  of 
special  sense ;  in  others  it  supplies  the 
fluid  secretions,  or  the  ingredients  of 
the  solid  tissues.  One  portion,  in  ^""  *  '■••"'^-  '  ^'^  '°^  "''•"' 
passing  through  the  digestive  appara-  Kiiinoy.  t,  L"WBr  omniDiiitst  s.  x-ii^r. 
tus,  absorbs   the  materials   requisite 

r  the  nourishment  of  the  body ;  another,  in  circulating  through 
20 
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the  lungs,  exhales  the  carbonic  acid  which  it  has  accumulated  else- 
where, and  absorbs  the  oxygen  which  is  afterward  transported  to 
distant  tissues  by  the  current  of  arterial  blood.  The  phenomena  of 
the  circulation  are  even  liable,  as  we  have  already  seen,  to  periodical 
variations  in  the  same  organ ;  increasing  or  diminishing  in  intensity 
with  the  condition  of  rest  or  activity  of  the  whole  body,  or  of  the 
particular  organ  which  is  the  subject  of  observation. 
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CHAPTER   XV. 

IMBIBITION  AND  EXH  AL  ATI  ON.— THE  LYMPHATIC 

SYSTEM. 

DuBiNG  the  passage  of  the  blood  through  the  capillaries  of  the 
circulatory  system,  a  very  important  series  of  changes  takes  place 
by  which  its  ingredients  are  partly  transferred  to  the  tissues  by 
exhalation,  and  at  the  same  time  replaced  by  others  which  the  blood 
derives  by  absorption  from  the  adjacent  parts.  These  phenomena 
depend  upon  the  property,  belonging  to  animal  membranes,  of 
imbibing  or  absorbing  certain  fluid  substances  in  a  peculiar  way. 
They  are  known  more  particularly  as  the  phenomena  of  endosmosis 
and  eocosmosis. 

These  phenomena  may  be  demonstrated  in  the  following  way.  K 
we  take  two  different  liquids,  for  example  a  solution  of  salt  and  an 
equal  quantity  of  distilled  water,  and  inclose  them  in  a  glass  vessel 
with  a  fresh  animal  membrane  stretched  between,  so  that  there  is 
no  direct  communication  from  one  to  the  other,  the  two  liquids 
being  in  contact  with  opposite  sides  of  the  membrane,  it  will  be 
found  after  a  time  that  the  liquids  have  become  mixed,  to  a  cer- 
tain extent,  with  each  other.  A  part  of  the  salt  will  have  passed 
into  the  distilled  water,  giving  it  a  saline  taste ;  and  a  part  of  the 
water  will  have  passed  into  the  saline  solution,  making  it  more 
dilute  than  before.  If  the  quantities  of  the  two  liquids,  which 
have  become  so  transferred,  be  measured,  it  will  be  found  that  a 
comparatively  large  quantity  of  the  water  has  passed  into  the 
saline  solution,  and  a  comparatively  small  quantity  of  the  saline 
solution  has  passed  out  into  the  water.  That  is,  the  water  passes 
inward  to  the  salt  more  rapidly  than  the  salt  passes  outward  to  the 
water.  The  consequence  is,  that  an  accumulation  soon  begins  to 
show  itself  on  the  side  of  the  salt.  The  saline  solution  is  increased 
in  volume  and  diluted,  while  the  water  is  diminished  in  volume, 
and  acquires  a  saline  ingredient.  This  abundant  passage  of  the 
water,  through  the  membrane,  to  the  salt>  is  called  endosmosis  ;  and 
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the  more  scanty  passage  of  the  salt  outward  to  the  water  is  called 
eocosmosis. 

The  mode  usually  adopted  for  measuring  the  rapidity  of  endos- 
mosis  is  to  take  a  glass  vessel,  shaped  somewhat  like  an  inverted 
funnel,  wide  at  the  bottom  and  narrow  at  the  top.  The  bottom  of 
the  vessel  is  closed  by  a  thin  animal  membrane,  like  the  mucous 
metnbrane  of  an  ox-bladder,  which  is  stretched  tightly  over  its  edge 
and  secured  by  a  ligature.  From  the  top  of  the  vessel  there  rises 
a  very  narrow  glass  tube,  open  at  its  upper  extremity.  When  the 
instrument  is  thus  prepared,  it  is  filled  with  a  solution  of  sugar 
and  placed  in  a  vessel  of  distilled  water,  so  that  the  animal  mem- 
brane, stretched  across  its  mouth,  shall  be  in  contact  with  pure 
water  on  one  side  and  with  the  saccharine  solution  on  the  other. 
The  water  then  passes  in  through  the  membrane,  by  endosmosis^ 
faster  than  the  saccharine  solution  passes  out.  An  accumulation 
therefore  takes  place  inside  the  vessel,  and  the  level  of  the  fluid 
rises  in  the  upright  tube.  The  height  to  which  the  fluid  thus  rises 
in  a  given  time  is  a  measure  of  the  intensity  of  the  endosmosis,  and 
of  its  excess  over  exosmosis.  By  varying  the  constitution  of  the 
two  liquids,  the  arrangement  of  the -membrane,  &c.,  the  variation 
in  endosmotic  action  under  different  conditions  may  be  easily 
ascertained.     Such  an  instrument  is  called  an  endosmoTneter, 

K  the  extremity  of  the  upright  tube  be  bent  over,  so  as  to  point 
downward,  as  endosmosis  continues  to  go  on  after  the  tube  has 
become  entirely  filled  by  the  rising  of  the  fluid,  the  saccharine  solu- 
tion will  be  discharged  in  drops  from  the  end  of  the  tube,  and  fall 
back  into  the  vase  of  water.  A  steady  circulation  will  thus  be 
kept  up  for  a  time  by  the  force  of  endosmosis.  The  water  still 
passes  through  the  membrane,  and  accumulates  in  the  endosrao- 
meter ;  but,  as  this  is  already  full  of  fluid,  the  surplus  immediately 
falls  back  into  the  outside  vase,  and  thus  a  current  is  established 
which  will  go  on  until  the  two  liquids  have  become  intimately 
mingled. 

The  conditions  which  influence  the  rapidity  and  extent  of  endos- 
mosis have  been  most  thoroughly  investigated  by  Dutrochet,  who 
was  the  first  to  make  a  systematic  examination  of  the  subject. 

The  first  of  these  conditions  is  the  freshness  of  the  membrane  itself. 
This  is  an  indispensable  requisite  for  the  success  of  the  experiment, 
A  membrane  that  has  been  dried  and  moistened  again,  or  one  that 
has  begun  to  putrefy,  will  not  produce  the  desired  effect.  It  has 
been  also  found  that  if  the  membrane  of  the  endosmoraeter  be 
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allowed  to  remain  and  soak  in  the  fluids,  after  the  column  has  risen 
to  a  certain  height  in  the  upright  tube,  it  begins  to  descend  again 
as  soon  as  putrdTaction  commences,  and  the  two  liquids  finally  sink 
to  the  same  level. 

The  next  condition  is  the  extent  of  contact  between  the  membrane 
and  the  two  liquids.  The  greater  the  extent  of  this  contact,  the 
more  rapid  and  forcible  is  the  current  of  endosmosis.  An  endoA- 
mometer  with  a  wide  mouth  will  produce  more  effect  than  with  a 
narrow  one,  though  the  volume  of  the  liquid  contained  in  it  may 
be  the  same  in  both  instances.  The  action  takes  place  at  the 
surface  of  the  membrane,  and  is  proportionate  to  its  extent. 

Another  very  important  circumstance  is  the  constitution  of  the  two 
liquicb,  and  their  relation  to  each  other.  As  a  general  thing,  if  we 
use  water  and  a  saline  solution  in  our  experiments,  endosmosis  is 
more  active,  the  more  concentrated  is  the  solution  in  the  endosmo- 
meter.  A  larger  quantity  of  water  will  pass  inward  toward  a  dense 
solution  than  toward  one  which  is  already  dilute.  But  the  force  of 
endosmosis  varies  with  diiSferent  liquids,  even  when  they  are  of  the 
same  density.  Dutrochet  measured  the  force  with  which  water 
passed  through  the  mucous  membrane  of  an  ox-bladder  into  differ- 
ent solutions  of  the  same  density.  He  found  that  the  force  varies 
with  different  substances,  as  follows :' — 

Endosmosis  of  water,  with  a  solution  of  albumen        .        .        12 

11 
5 

"  "  "  gelatine 

The  position  of  the  membrane  also  makes  a  difference, 
fluids,  endosmosis  is  more  rapid  when  the  membrane  has  its  mucous 
surface  in  contact  with  the  dense  solution,  and  its  dissected  surface 
in  contact  with  the  water.  With  other  substances  the  more  favor- 
able position  is  the  reverse.  Matteucci  found  that,  in  using  the 
mucous  membrane  of  the  ox-bladder  with  water  and  a  solution  of 
sugar,  if  the  mucous  surface  of  the  membrane  were  in  contact  with 
the  saccharine  solution,  the  liquid  rose  in  the  endosmometer  between 
four  and  five  inches.  But  if  the  same  surface  were  turned  outward 
toward  the  water,  the  column  of  fluid  was  less  than  three  inches  in 
height.  Different  membranes  also  act  with  different  degrees  of  force. 
The  effect  produced  is  not  the  same  with  the  integument  of  different 
animals,  nor  with  mucous  membranes  taken  from  different  parts  of 
the  body. 

I  In  Mattenooi's  Lectures  on  the  PhTsioal  Phenomena  of  Living  Beings.   Philada., 
1848,  p.  48. 
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Generally  speaking,  endosmosis  is  more  active  when  the  temper' 
aiure  is  moderately  elevated.  Dutrochet  noticed  that  an  endosmo* 
meter,  containing  a  solution  of  gum,  absorbed  only  one  volume  of 
water  at  a  temperature  of  32°  Fahr.,  but  absorbed  three  volumes 
at  a  temperature  a  little  above  90®.  Variations  of  temperature  will 
sometimes  even  change  the  direction  of  the  endosmosis  altogether, 
particularly  with  dilute  solutions  of  hydrochloric  acid.  Dutrochet 
found,  for  example,*  that  when  the  endosmometer  was  filled  with 
dilute  hydrochloric  acid  and  placed  in  distilled  water,  at  the  tem- 
perature of  50®  F.,  endosmosis  took  place  from  the  acid  to  the  water, 
if  the  density  of  the  acid  solution  were  less  than  1.020 ;  but  that  it 
took  place  from  the  water  to  the  acid,  if  its  density  were  greater 
than  this.  On  the  other  hand,  at  the  temperature  of  72°  F.,  the 
current  was  from  within  outward  when  the  density  of  the  acid  solu- 
tion was  below  1.003,  and  from  without  inward  when  it  was  above 
that  point. 

Finally,  the  pressure  which  is  exerted  upon  the  fluids  and  the 
membrane  favors  their  endosmosis.  Fluids  that  pass  slowly  under 
a  low  pressure  will  pass  more  rapidly  with  a  higher  one.  Different 
liquids,  too,  require  different  degrees  of  pressure  to  make  them 
pass  the  same  membrane.  Liebig*  has  measured  the  pressure  re- 
quired for  several  different  liquids,  in  order  to  make  them  pass 
through  the  same  membrane.     He  found  that  this  pressure  was 

Inches  op  Mbbcuby. 

For  alcohol 52 

For  oil 37 

For  solation  of  salt 20 

For  water 13 

There  are  some  cases  in  which  endosmosis  takes  place  without 
being  accompanied  by  exosmosis.  This  occurs,  for  example,  when 
we  use  water  and  albumen  as  the  two  liquids.  For  while  water 
readily  passes  in  through  the  animal  membrane,  the  albumen  does 
not  pass  out.  If  an  opening  be  made,  for  example,  in  the  large 
end  of  an  egg,  so  as  to  expose  the  shell-membrane,  and  the  whole 
be  then  placed  in  a  goblet  of  water,  endosmosis  will  take  place  very 
freely  from  the  water  to  the  albumen,  so  as  to  distend  the  shell- 
membrane  and  make  it  protrude,  like  a  hernia,  from  the  opening  in 
the  shell.  But  the  albumen  does  not  pass  outward  through  the 
membrane,  and  the  water  in  the  goblet  remains  pure.    After  a  time, 

'  In  Milne  Edwards,  Lemons  anr  la  Physiologie,  &c.,  vol.  v.  p.  164. 
•  lu  Longet's  Traile  de  Pbyaiologie,  vol.  i.  p.  384. 


THB   LYMPHATIC   8Y8TSM.  Sll 

however,  the  accnmulation  of  fluid  in  the  interior  becomes  so  ex« 
cessive  as  to  burst  the  shell-membrane,  and  then  the  two  liquids 
become  mixed  indiscriminately  together. 

These  are  the  principal  conditions  by  which  endosmosis  is  influ* 
enced  and  regulated.  Let  us  now  see  what  is  the  nature  of  the 
process,  and  upon  what  its  phenomena  depend. 

Endosmosis  is  not  dependent  upon  the  simple  force  of  diffusion 
or  admixture  of  two  different  liquids.  For  sometimes,  as  in  the 
case  of  albumen  and  water,  all  the  fluid  passes  in  one  direction  and 
none  in  the  other.  It  is  true  that  the  activity  of  the  process  de- 
pends very  much,  as  we  have  already  seen,  upon  the  difference  in 
constitution  of  the  two  liquids.  With  water  and  a  saline  solution, 
for  instance,  the  stronger  the  solution  of  salt,  the  more  rapid  is  the 
endosmosis  of  the  water.  And  if  two  solutions  of  salt  be  used, 
with  a  membranous  septum  between  them,  endosmosis  takes  place 
from  the  weaker  solution  to  the  stronger,  and  is  proportionate  in 
activity  to  the  difference  in  their  densities.  From  this  fact,  Dutro- 
chet  was  at  first  led  to  believe  that  the  direction  of  endosmosis  was 
determined  by  the  difference  in  density  of  the  two  liquids,  and  that 
the  current  of  accumulation  was  always  directed  from  the  lighter 
liquid  to  the  denser.  But  we  now  know  that  this  is  not  the  case. 
For  though,  with  solutions  of  salt,  sugar,  and  the  like,  the  current 
of  endosmosis  is  from  the  lighter  to  the  denser  liquid ;  in  other 
instances  it  is  the  reverse.  With  water  and  alcohol,  for  example, 
endosmosis  takes  place,  not  from  the  alcohol  to  the  water,  but  from 
the  water  to  the  alcohol ;  that  is,  from  the  denser  liquid  to  the  lighter. 
The  difference  in  density  of  the  liquids,  therefore,  is  not  the  only 
condition  which  regulates  the  direction  of  the  endosmotic  current. 
In  point  of  fact,  the  process  of  endosmosis  does  not  depend  princi- 
pally upon  the  attraction  of  the  two  liquids  for  each  other,  but ' 
upon  the  aiirctction  of  the  animal  membrane  for  the  two  liquids.  The 
membrane  is  not  a  passive  filter  through  which  the  liquids  mingle, 
but  it  is  the  active  agent  which  determines  their  passage.  The 
membrane  has  the  power  of  absorbing  liquids,  and  of  taking  them 
up  into  its  own  substance.  This  power  of  absorption,  belonging  to 
the  membrane,  depends  upon  the  organic  or  albuminous  ingredients 
of  which  it  is  composed ;  and,  with  different  animal  substances,  the 
power  of  absorption  is  different.  The  tissue  of  cartilage,  for  exam- 
ple, will  absorb  more  water,  weight  for  weight,  than  that  of  the 
tendons ;  and  the  tissue  of  the  cornea  will  absorb  nearly  twice  as 
much  as  that  of  cartilage. 
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Beside,  the  power  of  absorption  of  an  animal  membrane  is  dif- 
ferent for  different  liquids.  Nearly  all  animal  membranes  absorb 
pure  water  more  freely  than  a  solution  of  salt.  If  a  membrane^ 
partly  dried,  be  placed  in  a  saturated  saline  solution,  it  will  absorb 
the  water  in  larger  proportion  than  the  salt,  and  a  part  of  the  salt 
will,  therefore,  be  deposited  in  the  form  of  crystals  on  the  surface 
of  the  membrane. 

Oily  matters,  on  the  other  hand,  are  usually  absorbed  less  readily 
than  either  water  or  saline  solutions. 

Chevreuil  has  investigated  the  absorbent  power  of  different 
animal  substances  for  different  liquids,  by  taking  definite  quanti- 
ties of  the  animal  substance  and  immersing  it  for  twenty-four 
hours  in  different  liquids.  At  the  end  of  that  time,  the  substance 
was  removed  and  weighed.  Its  increase  in  weight  showed  the 
quantity  of  liquid  which  it  had  absorbed.  The  results  which  were 
obtained  are  given  in  the  following  table : — ' 


100  PABT8  OP 

Water. 

Salinb  SoLUTioir. 

Oil. 

Cartilage, 

'  231  parts. 

125  parU. 

Tendon, 

178     " 

114     " 

8.6  parts. 

Elastic  ligament, 

absorb  in 

148     " 

30     " 

7.2     " 

Cornea, 

24  hoars, 

461     " 

370     " 

9.1     « 

Cartilaginous  ligament, 

319     " 

3.2     « 

Dried  fibrin. 

.  301     «' 

154     " 

The  same  substance,  therefore,  will  take  up  different  quantities 
of  water,  saline  solutions,  and  oil. 

Accordingly,  when  an  animal  membrane  is  placed  in  contact 
with  two  different  liquids,  it  absorbs  one  of  them  more  abundantly 
than  the  other ;  and  that  which  is  absorbed  in  the  greatest  quantity 
is  also  diffused  most  abundantly  into  the  liquid  on  the  opposite  side 
of  the  membrane.  A  rapid  endosmosis  takes  place  in  one  direc- 
tion, and  a  slow  exosmosis  in  the  other.  Consequently,  the  least 
absorbable  fluid  increases  in  volume  by  the  constant  admixture  of 
that  which  is  taken  up  more  rapidly. 

The  process  of  endosmosis,  therefore,  is  essentially  one  of  im- 
bibition or  absorption  of  the  liquid  by  an  animal  membrane,  com- 
posed of  organic  ingredients.  We  have  already  shown,  in  de- 
scribing the  organic  proximate  principles  in  a  previous  chapter, 
that  these  substances  have  the  power  of  absorbing  watery  and 
serous  fluids  in  a  peculiar  way.    In  endosmosis,  accordingly,  the 

'  In  Longet's  Traits  de  Phjsiologie,  vol.  i.  p.  383. 
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imbibed  fluid  penetrates  the  membrane  by  a  kind  of  chemical 
combination,  and  unites  intimately  with  the  substance  of  which  its 
tissues  are  composed. 

It  is  in  this  way  that  all  imbibition  and  transudation  take  place 
in  the  living  body.  Under  the  most  ordinary  conditions,  the  transu- 
dation of  certain  fluids  is  accomplished  with  great  rapidity.  It  has 
been  shown  by  M.  Gosselin/  that  if  a  watery  solution  of  iodide  of 
potassium  be  dropped  upon  the  cornea  of  a  living  rabbit,  the 
iodine  passes  into  the  cornea,  aqueous  humor,  iris,  lens,  sclerotic 
and  vitreous  body,  in  the  course  of  eleven  minutes ;  and  that  it 
will  penetrate  through  the  cornea  into  the  aqueous  humor  in  three 
minutes,  and  into  the  substance  of  the  cornea  in  a  minute  and  a 
half.  In  these  experiments  it  was  evident  that  the  iodine  actually 
passed  into  the  deeper  portions  of  the  eye  by  simple  endosmosis, 
and  was  not  transported  by  the  vessels  of  the  general  circulation ; 
since  no  trace  of  it  could  be  found  in  the  tissues  of  the  opposite 
eye,  examined  at  the  same  time. 

The  same  observer  showed  that  the  active  principle  of  belladonna 
penetrates  the  tissues  of  the  eyeball  in  a  similar  manner.  M.  Gos- 
iselin  applied  a  solution  of  sulphate  of  atropine  to  both  eyes  of  two 
rabbits.  Half  an  hour  afterward,  the  pupils  were  dilated.  Three 
quarters  of  an  hour  later^  the  aqueous  humor  was  collected  by 
puncturing  the  cornea  with  a  trocar;  and  this  aqueous  humor,' 
dropped  upon  the  eye  of  a  cat,  produced  dilatation  and  immobility 
of  the  pupil  in  half  an  hour.  These  facts  show  that  the  aqueous 
humor  of  the  aflected  eye  actually  contains  atropine,  which  it 
absorbs  from  without  through  the  cornea,  and  this  atropine  then 
acts  directly  and  locally  upon  the  muscular  fibres  of  the  iris. 

But  in  all  the  vascular  organs,  the  processes  of  endosmosis  and 
exosmosis  are  very  much  accelerated  by  two  important  conditions, 
viz.,  first,  the  movement  of  the  blood  in  circulating  through  the 
vessels,  and  secondly  the  minute  dissemination  and  distribution  of 
these  vessels  through  the  tissue  of  the  organs. 

The  movement  of  a  fluid  in  a  continuous  current  always  favors 
endosmosis  through  the  membrane  with  which  it  is  in  contact.  For 
if  the  two  liquids  be  stationary,  on  the  opposite  sides  of  an  animal 
membrane,  as  soon  as  endosmosis  commences  they  begin  to  ap- 
proximate in  constitution  to  each  other  by  mutual  admixture;  and, 
as  this  admixture  goes  on,  endosmosis  of  course  becomes  less  active, 

>  Oaiette  Hebdomadaire,  Sept.  7, 1865. 
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and  ceases  entirely  when  the  two  liquids  have  become  perfectly 
alike  in  composition.  But  if  one  of  the  liquids  be  constantly 
renewed  by  a  continuous  current,  those  portions  of  it  which  have 
become  contaminated  are  immediately  carried  away  by  the  stream, 
and  replaced  by  fresh  portions  in  a  state  of  purity.  Thus  the 
difference  in  constitution  of  the  two  liquids  is  preserved,  and 
transudation  will  continue  to  take  place  between  them  with  una* 
bated  rapidity. 

Matteucci  demonstrated  the  effect  of  a  current  in  facilitating 
endosmosis  by  attaching  to  the  stopcock  of  a  glass  reservoir  filled 
with  water,  a  portion  of  a  vein  also  filled  with  water.  The  vein 
was  then  immersed  in  a  very  dilute  solution  of  hydrochloric  acid. 
So  long  as  the  water  remained  stationary  in  the  vein  it  did  not  give 
any  indications  of  the  presence  of  the  acid,  or  did  so  only  very 
slowly ;  but  if  a  current  were  allowed  to  pass  through  the  vein  by 
opening  the  stopcock  of  the  reservoir,  then  the  fluid  running  from 
its  extremity  almost  immediately  showed  an  acid  reaction. 

The  same  thing  may  be  shown  even  more  distinctly  upon  the 
living  animal.  If  a  solution  of  the  extract  of  nux  vomica  be  in- 
jected into  the  subcutaneous  areolar  tissue  of  the  hind  leg  of  two 
rabbits,  in  one  of  which  the  bloodvessels  of  the  extremity  have 
been  left  free,  while  in  the  other  they  have  been  previously  tied, 
so  as  to  stop  the  circulation  in  that  part — in  the  first  rabbit,  the 
poison  will  be  absorbed  and  will  produce  convulsions  and  death  in 
the  course  of  a  few  minutes;  but  in  the  second  animal,  owing  to  the 
stoppage  of  the  local  circulation,  absorption  will  be  much  retarded, 
and  the  poison  will  find  its  way  into  the  general  circulation  so 
slowly,  and  in  such  small  quantities,  that  its  specific  effects  will  show 
themselves  only  at  a  late  period,  or  even  may  not  be  produced  at  all. 

The  anatomical  arrangement  of  the  bloodvessels  and  adjacent 
tissues  is  the  second  important  condition  regulating  endosmosis 
and  exosmosis.  We  have  already  seen  that  the  network  of  capil- 
lary bloodvessels  results  from  the  excessive  division  and  ramifica- 
tion of  the  smaller  arteries.  The  blood,  therefore,  as  it  leaves  the 
arteries  and  enters  the  capillaries,  is  constantly  divided  into  smaller 
and  more  numerous  currents,  which  are  finally  disseminated  in  the 
most  intricate  manner  throughout  the  substance  of  the  organs  and 
tissues.  Thus,  the  blood  is  brought  into  intimate  contact  with  the 
surrounding  tissues,  over  a  comparatively  very  large  extent  of  sur- 
face. It  has  already  been  stated,  as  the  result  of  Dutrochet's  inves- 
tigations, that  the  activity  of  endosmosis  is  in  direct  proportion  to 
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the  extent  of  surface  over  which  the  two  liquids  come  in  contact 
with  the  intervening  membrane.  It  is  very  evident,  therefore,  that 
it  will  be  very  much  &cilitated  by  the  anatomical  distribution  of 
the  capillary  bloodvessels. 

It  is  in  some  of  the  glandular  organs,  however,  that  the  transu- 
dation of  fluids  can  be  shown  to  take  place  with  the  greatest  rapi* 
dity.  For  in  these  organs  the  exhaling  and  absorbing  surfaces  are 
arranged  in  the  form  of  minute  ramifying  tubes  and  follicles,  which 
penetrate  everywhere  through  the  glandular  substance ;  while  the 
capillary  bloodvessels  form  an  equally  complicated  and  abundant 
network,  situated  between  the  adjacent  follicles  and  ducts.  In  this 
way,  the  union  and  interlacement  of  the  glandular  membrane,  on 
the  one  hand,  and  the  bloodvessels  on  the  other,  become  exceed- 
ingly intricate  and  extensive ;  and  the  ingredients  of  the  blood  are 
almost  instantaneously  subjected,  over*'a  very  large  surface,  to  the 
influence  of  the  glandular  membrane. 

The  rapidity  of  transudation  through  the  glandular  membranes 
has  been  shown  in  a  very  striking  manner  by  Bernard.'  This  ob- 
server injected  a  solution  of  iodide  of  potassium  into  the  duct  of 
the  parotid  gland  on  the  right  side,  in  a  living  dog,  and  immediately 
afterward  found  iodine  to  be  present  in  the  saliva  of  the  correspond- 
ing gland  on  the  opposite  side.  In  the  few  instants,  therefore,  re- 
quired to  perform  the  experiment,  the  salt  of  iodine  must  have 
been  taken  up  by  the  glandular  tissue  on  one  side,  carried  by  the 
blood  of  the  general  circulation  to  the  opposite  gland,  and  there 
transuded  through  the  secreting  membrane. 

We  have  also  found  the  transudation  of  iodine  through  the 
glandular  tissue  to  be  exceedingly  rapid,  by  the  following  experi- 
ment. The  parotid  duct  was  exposed  and  opened,  upon  one  side, 
in  a  living  dog,  and  a  canula  inserted  into  it,  and  secured  by  liga- 
ture. The  secretion  of  the  parotid  saliva  was  then  excited,  by  in- 
troducing a  little  vinegar  into  the  mouth  of  the  animal,  and  the 
saliva,  thus  obtained,  found  to  be  entirely  destitute  of  iodine.  A 
solution  of  iodide  of  potassium  being  then  injected  into  the  jugu- 
lar vein,  and  the  parotid  secretion  again  immediately  excited  by 
the  introduction  of  vinegar,  as  before,  the  saliva  first  discharged 
from  the  canula  showed  evident  traces  of  iodine,  by  striking  a  blue 
color  on  the  addition  of  starch  and  nitric  acid. 

The  processes  of  exosmosis  and  endosmosis,  therefore,  in  the  living 

*  Le.ons  de  Pbyslologie  Exp4rimenUle,  Paris,  1856,  p.  107. 
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body,  are  regulated  by  the  same  conditions  as  in  artificial  experS 
menCs,  but  they  take  place  with  infinitely  greater  rapidity,  owing  to 
the  movtanent  of  the  cireulating  blood,  and  the  extent  of  contact 
existing  between  the  bloodvessels  and  adjacent  tissues.     We  have 
already  seen  that  the  absorption  of  the  same  fluid  is  accomplished 
■with  different  degrees  of  rapidity  by  different  animal  substani 
Accordingly,  though  the  arterial  blood  is  everywhere  the 
composition,  yet  its  difterent  ingredients  are  imbibed  in  varying 
quantities   by  the  different  tissues.     Thus,  the  cartilages  absorb 
from  the  circulating  fluid  a  larger  proportion  of  phosphate  of  lime 
thiin  the  softer  tissues,  and  the  hones  a  larger  proportion  than  tbc^ 
cartilages;    and   the  watery  and  saline  ingredients  generally  arcf' 
found  in  different  qnamities  in  different  parts  of  the  body.     Thi 
same  animal  membrane,  also,  as  it  has  been  shown  by  experimei 
will  imbibe  different  aubsJitnces  with  different  degrees  of  facilil 
Thus,  the  blood,  for  example,  contains  more  chloride  of  sodiui 
than  chloride  of  potassiunf ;  but  the  muscles,  which  it  supplies  wil 
nourishment,  contain  more  chloride  of  potassium  than  chloride 
sodium.     In  this  way,  the  proportion  of  each  ingredient  dertv< 
from  the  blood  is  determined,  in  each  separate  tissue,  by  its 
absorbing  or  endosmotic  power. 

Furthermore,  we  have  seen  that  albumen,  under  ordinaiy  condi- 
tions, is  not  codasrootic;  that  is.  it  will  not  pass  by  transudation 
through  an  animal  membrane.  For  the  same  reason,  the  albumea 
of  the  blood,  in  the  natural  state  of  the  circulation,  is  not  exhaled' 
from  the  secreting  surfaces,  but  is  retained  within  the  circulaloi 
system,  while  the  watery  and  saline  ingredients  transude  in  varyii 
quantities.  But  the  degree  of  ^esswre  to  which  a  fluid  issubjecl 
has  great  influence  in  determining  its  endosmotic  action.  A  sul 
stance  which  passes  but  slowly  under  a  low  pressure,  may  paas- 
much  more  rapidly  if  the  force  be  increased.  Accordingly,  we  find 
that  if  the  pressure  upon  the  blood  in  the  vessels  be  increased,  by 
obstruction  to  the  venous  current  and  backward  congestion  of  the 
capillaries,  then  not  only  the  saline  and  watery  parts  of  the  blood 
pass  out  in  larger  quantities,  but  the  albumen  itself  transude^  and 
infiltrates  the  neighboring  parts.  It  is  iu  this  way  that  albumon 
makes  its  appearance  in  the  urine,  in  consequence  of  obstruction  toti 
the  renal  circulation,  and  that  local  cede  ma  or  general  anasaroft* 
may  follow  upon  venous  congestion  in  particular  regions,  or  upoa> 
general  disturbance  of  the  circulation. 

The  processes  of  imbibition  and  exudation,  which   thus   take 
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place  incessantly  tbroughont  the  body,  are  intimately  connected 
with  the  action  of  the  great  absorbent  or  lymphatic  system  of  ves- 
sels^ which  is  to  be  considered  as  secondary  or  complementary  to 
that  of  the  sanguiferous  circulation. 

The  lymphatics  may  be  regarded  as  a  system  of  yessels^  com- 
mencing in  the  substance  of  the  various  tissues  and  organs,  and 
endowed  with  the  property  of  absorbing  certain  of  their  ingredi* 
ents.  Their  commencement  has  been  demonstrated  by  injections^ 
more  particularly  in  the  membranous  parts  of  the  body ;  viz^  in 
the  skin,  the  mucous  membranes,  the  serous  and  synovial  surfaces, 
and  the  inner  tunic  of  the  arteries  and  veins.  They  originate  in 
these  situations  by  vascular  networks,  not  very  unlike  those  of  the 
capillary  bloodvessels.  Notwithstanding  this  resemblance  in  form 
between  the  capillary  plexuses  of  the  lymphatics  and  the  blood- 
vessels, it  is  most  probable  that  they  are  anatomically  distinct  from 
each  other.  It  has  been  supposed,  at  various  times,  that  there 
might  be  communications  between  them,  and  even  that  the  lymph- 
atic plexus  might  be  a  direct  continuation  of  that  originating  from 
the  smaller  arteries ;  but  this  has  never  been  demonstrated,  and  it 
is  now  almost  universally  conceded  that  the  anatomical  evidence  is 
in  favor  of  a  complete  separation  between  the  two  vascular  systems. 

Commencing  in  this  way  in  the  substance  of  the  tissues,  by  a 
vascular  network,  the  minute  lymphatics  unite  gradually  with  each 
other  to  form  larger  vessels ;  and,  after  continuing  their  course  for 
a  certain  distance  from  without  inward,  they  enter  and  are  distri- 
buted to  the  substance  of  the  lymphatic  glands.  According  to  M.( 
Colin,'  beside  the  more  minute  and  convoluted  vessels  in  each  gland,  \ 
there  are  always  some  larger  branches  which  pass  directly  through 
its  substance,  from  the  afferent  to  the  efferent  vessels ;  so  that  only 
a  portion  of  the  lymph  is  distributed  to  its  ultimate  glandular 
plexus.  This  portion,  however,  in  passing  through  the  organ,  is 
evidently  subjected  to  some  glandular  influence,  which  may  serve 
to  modify  its  composition. 

After  passing  through  these  glandular  organs,  the  lymphatic 
vessels  unite  into  two  great  trunks  (Fig.  48) :  the  thoracic  ducty  which 
collects  the  fluid  from  the  absorbents  of  the  lower  extremities,  the 
intestines  and  other  abdominal  organs,  the  chest,  the  left  upper 
extremity,  and  the  left  side  of  the  head  and  neck,  and  terminates 
in  the  left  subclavian  vein,  at  the  junction  of  the  internal  jugular ; 
and  the  riglU  lymphatic  duct,  which  collects  the  fluid  from  the  right 

■  Phjrsiologie  comparCe  des  Animanz  domestiqaes,  Paris,  1856,  vol.  ii.  p.  08. 
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upper  extremity  and  right  side  of  the  head  and  neck,  and  joins  the 
right  subclavian  vein  at  its  junction  with  the  corresponding  jugular. 
Thus  neariy  all  the  lymph  from  the  external  parts,  and  the  whole 
of  that  from  the  abdominal  organs,  passes,  by  the  thoracic  duct^ 
into  the  left  subclavian  vein. 

We  already  know  that  the  lymphatic  vessels  are  not  to  be  re- 
garded as  the  exclusive  agents  of  absorption.  On  the  contrary, 
absorption  takes  place  by  the  bloodvessels  even  more  rapidly  and 
abundantly  than  by  the  lymphatics.  Even  the  products  of  diges- 
tion, including  the  chyle,  are  taken  up  from  the  intestine  in  large 
proportion  by  the  bloodvessels,  and  are  only  in  part  absorbed  by 
the  lymphatics.  But  the  main  peculiarity  of  the  lymphatic  system 
is  that  its  vessels  all  pass  in  one  direction,  viz.,  from  without  inward, 
and  none  from  within  outward.  Consequently  there  is  no  circvja- 
Hon  of  the  lymph,  strictly  speaking,  like  that  of  the  blood,  but  it 
is  all  supplied  by  exudation  and  absorption  from  the  tissues. 

The  lymph  has  been  obtained,  in  a  state  of  purity,  by  various 
experimenters,  by  introducing  a  canula  into  the  thoracic  duct^  at 
the  root  of  the  neck,  or  into  large  lymphatic  trunks  in  other  parts 
of  the  body.  It  has  been  obtained  by  Rees  from  the  lacteal  vessels 
and  the  lymphatics  of  the  leg  in  the  ass,  by  Colin  from  the  lacteals 
and  thoracic  duct  of  the  ox,  and  from  the  lymphatics  of  the  neck 
in  the  horse.  We  have  also  obtained  it,  on  several  different  occa- 
sions, from  the  thoracic  duct  of  the  dog  and  of  the  goat. 

The  analysis  of  these  fluids  shows  a  remarkable  similarity  in 
constitution  between  them  and  the  plasma  of  the  blood.  They 
contain  water,  fibrin,  albumen,  fatty  matters,  and  the  usual  saline 
substances  of  the  animal  fluids.  At  the  same  time,  the  lymph  is 
very  much  poorer  in  albuminous  ingredients  than  the  blood.  The 
following  is  an  analysis  by  Lassaigne,^  of  the  fluid  obtained  from 
the  thoracic  duct  of  the  cow : — 

Pabtb  per  tbousafd. 

Water 964.0 

Fibrin 0.9 

Albamen 28.0 

Fat          .        .        .        • 0.4 

Chloride  of  Bodium 5.0 

Carbonic  ^ 

Phosphate  and  >  of  soda 1.2 

Balphate  ^ 

Phosphate  of  lime 0.5 

1000.0 

*  Colin,  Physiologie  compar^e  des  Animauz  domestiques,  vol.  ii.  p.  111. 
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It  thus  appears  that  both  the  fibrin  and  the  albumen  of  the  blood 
actually  transude  to  a  certain  extent  from  the  bloodvessels,  even  in 
the  ordinary  condition  of  the  circulatory  system.  But  this  transuda- 
tion takes  place  in  so  small  a  quantity  that  the  albuminous  matters 
are  all  taken  up  again  by  the  lymphatic  vessels,  and  do  not  appear 
in  the  excreted  fluids. 

The  first  important  peculiarity  which  is  noticed  in  regard  to  the 
fluid  of  the  lymphatic  system,  especially  in  the  carnivorous  animals, 
is  that  it  varies  very  much,  both  in  appearance  and  constitution,  at 
difierent  times.  In  the  ruminating  and  graminivorous  animals, 
such  as  the  sheep,  ox,  goat,  horse,  &c.,  it  is  either  opalescent  in 
appearance,  with  a  slight  amber  tinge,  or  nearly  transparent  and 
colorless.  In  the  carnivorous  animals,  such  as  the  dog  and  cat,  it 
is  also  opaline  and  amber  colored,  in  the  intervals  of  digestion,  but 
soon  after  feeding  becomes  of  a  dense,  opaque,  milky  white,  and  con- 
tinues to  present  that  appearance  until  the  processes  of  digestion 
and  intestinal  absorption  are  complete.  It  then  regains  its  original 
aspect^  and  remains  opaline  or  semi-transparent  until  digestion  is 
again  in  progress. 

The  cause  of  this  variable  constitution  of  the  fluid  discharged 
by  the  thoracic  duct  is  the  absorption  of  fatty  substances  from  the 
intestine  during  digestion.  Whenever  £atty  substances  exist  in  con- 
siderable quantity  in  the  food,  they  are  reduced,  by  the  process  of 
digestion,  to  a  white,  creamy  mixture  of  molecular  fat,  suspended 
in  an  albuminous  menstruum.  The  mixture  is  then  absorbed  bv 
the  lymphatics  of  the  mesentery,  and  transported  by  them  through 
the  thoracic  duct  to  the  subclavian  vein.  While  this  absorption  is 
going  on,  therefore,  the  fluid  of  the  thoracic  duct  alters  its  appear- 
ance, becomes  white  and  opaque,  and  is  then  called  chyle;  so  that 
there  are  two  different  conditions,  in  which  the  contents  of  the  great 
lymphatic  trunks  present  different  appearances.  In  the  fasting 
condition,  these  vessels  contain  a  semi-transparent,  or  opaline  and 
nearly  colorless  lymph;  and  during  digestion,  an  opaque,  milky 
chyle.  It  is  on  this  account  that  the  lymphatics  of  the  mesentery 
are  called  "  lacteals." 

The  chyle,  accordingly,  is  nothing  more  than  the  lymph  which 
is  constantly  absorbed  by  the  lymphatic  system  everywhere,  with 
the  addition  of  more  or  less  fatty  ingredients  taken  up  from  the 
intestine  during  the  digestion  of  food. 

The  results  of  analysis  show  positively  that  the  varying  appear- 
ance of  the  lymphatic  fluids  is  really  due  to  this  cause ;  for  though 
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the  chyle  is  also  richer  than  the  lymph  in  albuminous  matters,  the 
principal  difference  between  them  consists  in  the  proportion  of  fat. 
This  is  shown  by  the  following  colnparative  analysis  of  the  lymph 
and  chyle  of  the  ass,  by  Dr.  Bees:' — 


Water    . 

Albumen 

Fibrin    . 

Spirit  extract 

Water  extract 

Fat 

Saline  matter 


Ltmph. 

Chtlb. 

965.36 

902.37 

12.00 

35.16 

1.20 

3.70 

2.40 

3.32 

13.19 

12.33 

.    traces. 

36.01 

5.85 

7.11 

1,000.00 


1,000.00 


When  a  canula,  accordingly,  is  introduced  into  the  thoracic  duct 
at  various  periods  after  feeding,  the  fluid  which  is  discharged  varies 
considerably,  both  in  appearance  and  quantity.  We  have  found 
that,  in  the  dog,  the  fluid  of  the  thoracic  duct  never  becomes  quite 
transparent,  but  retains  a  very  marked  opaline  tinge  even  so  late 
as  eighteen  hours  after  feeding,  and  at  least  three  days  and  a  half 
after  the  introduction  of  fat  food.  Soon  afi«r  feeding,  however,  as 
we  have  already  seen,  it  becomes  whitish  and  opaque,  and  remains 
so  while  digestion  and  absorption  are  in  progress.  It  also  becomes 
more  abundant  soon  aftjer  the  commencement  of  digestion,  but 
diminishes  again  in  quantity  during  its  latter  stages.  We  have 
found  the  lymph  and  chyle  to  be  discharged  from  the  thoracic  duct, 
in  the  dog,  in  the  following  quantities  per  hour,  at  different  periods 
of  digestion.  The  quantities  are  calculated  in  proportion  to  the 
entire  weight  of  the  animal. 

Prb  Thousavd  Parts. 

3|  lionrs  after  feeding 2.45 

7        "        "  ** 2.20 

13       "        "  " 0.99 

18       "        "  " 1.15 

18}      "        "  " 1.99 

It  would  thus  appear  that  the  hourly  quantity  of  lymph,  after 
diminishing  during  the  latter  stages  of  digestion,  increases  again 
somewhat,  about  the  eighteenth  hour,  though  it  is  still  considera- 
bly less  abundant  than  while  digestion  was  in  active  progress. 

The  lymph  obtained  from  the  thoracic  duct  at  all  periods  coagu- 
lates soon  after  its  withdrawal,  owing  to  the  fibrin  which  it  contains 


'  In  Colin,  op.  cit.,  vol.  ii.  p.  18. 
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in  small  quantity.  After  coagulation,  a  separation  takes  place  be- 
tween the  doib  and  serum,  precisely  as  in  the  case  of  blood. 

The  movement  of  the  lymph  in  the  lymphatic  vessels,  from  the 
extremities  toward  the  heart,  is  accomplished  by  various  forces. 
The  first  and  most  important  of  these  forces  is  that  by  which  the 
fluids  are  originally  absorbed  by  the  lymphatic  capillaries.  Through- 
out the  entire  extent  of  the  lymphatic  system,  an  extensive  process 
of  endosmosis  is  incessantly  going  on,  by  which  the  ingredients  of 
the  lymph  are  imbibed  from  the  surrounding  tissues,  and  com- 
pelled to  pass  into  the  lymphatic  vessels.  The  lymphatics  are  thus 
filled  at  their  origin ;  and,  by  mere  force  of  accumulation,  the  fluids 
are  then  compelled,  as  their  absorption  continues,  to  discharge 
themselves  into  the  large  veins  in  which  the  lymphatic  trunks 
terminate. 

The  movement  of  the  fluids  through  the  lymphatic  system  is 
also  favored  by  the  contraction  of  the  voluntary  muscles  and  the 
respiratory  motions  of  the  chest.  For  as  the  lymphatic  vessels  are 
provided  with  valves,  arranged  like  those  of  the  veins,  opening 
toward  the  heart  and  shutting  backward  toward  the  extremities, 
the  alternate  compression  and  relaxation  of  the  adjacent  muscles^ 
and  the  expansion  and  collapse  of  the  thoracic  parietes,  must  have 
the  same  effect  upon  the  movement  of  the  lymph  as  upon  that  of 
the  venous  blood.  By  these  different  influences  the  chyle  and 
lymph  are  incessantly  carried  from  without  inward,  and  discharged, 
in  a  slow  but  continuous  stream,  into  the  returning  current  of  the 
venous  blood. 

The  entire  quantity  of  the  lymph  and  chyle  has  been  found,  by 
direct  experiment,  to  be  very  much  larger  than  was  previously 
anticipated.  M.  Colin*  measured  the  chyle  discharged  from  the 
thoracic  duct  of  an  ox  during  twenty-four  hours,  and  found  it  to 
exceed  eighty  pounds.  In  other  experiments  of  the  same  kind,  he 
obtained  still  larger  quantities.*  From  two  experiments  on  the 
horse,  extending  over  a  period  of  twelve  hours  each,  he  calculates 
the  quantity  of  chyle  and  lymph  in  this  animal  as  from  twelve  to 
fifteen  thousand  grains  per  hour,  or  between  forty  and  fifty  pounds 
per  day.  But  in  the  ruminating  animals,  according  to  his  observa- 
tions, the  quantity  is  considerably  greater.  In  an  ordinary-sized 
cow,  the  smallest  quantity  obtained  in  an  experiment  extending  over 

1  Gazette  Hebdomadaire,  April  24, 1857,  p.  285. 
'  Colin,  op.  oit.,  vol.  ii.  p.  100. 
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a  period  of  twelve  hours,  was  a  little  over  9,000  grains  in  fifteen 
minutes ;  that  is,  five  pounds  an  hour,  or  120  pounds  per  day.  In 
another  experiment,  with  a  young  bull,  he  actually  obtained  a  little 
over  100  pounds  from  a  fistula  of  the  thoracic  duct>  in  twenty-four 
hours. 

We  have  also  obtained  similar  results  by  experiments  upon  the 
dog  and  goat.  In  a  young  kid.  weighing  fourteen  pounds,  we  have 
obtained  from  the  thoracic  duct  1890  grains  of  lymph  in  three 
hours  and  a  half.  This  quantity  would  represent  540  grains  in  an 
hour,  and  12,690  grains,  or  1.85  pounds  in  twenty -four  hours ;  and 
in  a  ruminating  animal  weighing  1000  pounds,  this  would  corre* 
spond  to  182  pounds  of  lymph  and  chyle  discharged  by  the  thoracic 
duct  in  the  course  of  twenty-four  hours. 

The  average  of  all  the  results  obtained  by  us,  in  the  dog,  at  dif- 
ferent periods  after  feeding,  gives  very  nearly  four  and  a  half  per 
cent,  of  the  entire  weight  of  the  animal,  as  the  total  daily  quantity 
of  lymph  and  chyle.  This  is  substantially  the  same  result  as  that 
obtained  by  Colin,  in  the  horse;  and  for  a  man  weighing  140 
pounds,  it  would  be  equivalent  to  between  six  and  six  and  a  half 
pounds  of  lymph  and  chyle  per  day. 

But  of  this  quantity  a  considerable  portion  consists  of  the  chyle 
which  is  absorbed  from  the  intestines  during  the  digestion  of  fatty 
substances.  If  we  wish,  therefore,  to  ascertain  the  total  amount  of 
the  lymph,  separate  from  that  of  the  chyle,  the  calculation  should 
be  based  upon  the  quantity  of  fluid  obtained  from  the  thoracic 
duct  in  the  intervals  of  digestion,  when  no  chyle  is  in  process  of 
absorption.  We  have  seen  that  in  the  dog,  eighteen  hours  after 
feeding,  the  lymph,  which  is  at  that  time  opaline  and  semi-transpa^ 
rent,  is  discharged  from  the  thoracic  duct,  in  the  course  of  an  hour, 
in  a  quantity  equal  to  1.15  parts  per  thousand  of  the  entire  weight 
of  the  animal.  In  twenty-four  hours  this  would  amount  to  27.6 
parts  per  thousand ;  and  for  a  man  weighing  140  pounds  this  would 
give  8.864  pounds  as  the  total  daily  quantity  of  the  lymph  alone. 

It  will  be  seen,  therefore,  that  the  processes  of  exudation  and 
absorption,  which  go  on  in  the  interior  of  the  body,  produce  a  very 
active  interchange  or  internal  circulation  of  the  animal  fluids^  which 
may  be  considered  as  secondary  to  the  circulation  of  the  blood. 
For  all  the  digestive  fluids,  as  we  have  found,  together  with  the  bile 
discharged  into  the  intestine,  are  reabsorbed  in  the  natural  process 
of  digestion  and  again  enter  the  current  of  the  circulation.  These 
fluids,  therefore,  pass  and  repass  through  the  mucous  membrane  of 
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the  alimentary  canal  and  adjacent  glands,  becoming  somewhat 
altered  in  constitution  at  each  passage,  but  still  serving  to  renovate 
alternately  the  constitution  of  the  blood  and  the  ingredients  of  the 
digestive  secretions.  Furthermore  the  elements  of  the  blood  itself 
also  transude  in  part  from  the  capillary  vessels,  and  are  again  taken 
up,  by  absorption,  by  the  lymphatic  vessels,  to  be  finally  restored 
to  the  returning  current  of  the  venous  blood,  in  the  immediate 
neighborhood  of  the  heart. 

The  daily  quantity  of  all  the  fluids,  thus  secreted  and  reabsorbed 
during  twenty-four  hours,  will  enable  us  to  estimate  the  activity 
with  which  endosmosis  and  exosmosis  go  on  in  the  living  body. 
In  the  following  table,  the  quantities  are  all  calculated  for  a  man 
weighing  140  pounds. 

Sbcbbtid  avd  Rbabm>rbbi>  dubivo  24  roubs. 
Salfya  20,164  grains,  or    2.880  pounds. 

Gaatrio  jaioe        98,000      **        ''   14.000       *' 
Bile  16.940       "        "     2.420       *• 

Pancreatic  juice  13,104       "        "     1.872       " 
Ljmph  27,048       "        "     3.8J;4       • 

25.036 

A  little  over  twenty-five  pounds,  therefore,  of  the  animal  fluids 
transude  through  the  internal  membranes  and  are  restored  to  the 
blood  by  reabsorption  in  the  course  of  a  single  day.  It  is  by  this 
process  that  the  natural  constitution  of  the  parts,  though  constantly 
changing;  is  still  maintained  in  its  normal  condition  by  the  move- 
ment of  the  circulating  fluids,  and  the  incessant  renovation  of  their 
nutritious  materials. 
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CHAPTER   XVI. 


SECRETION. 


We  have  already  seen,  in  a  previous  chapter,  how  the  elements  of 
the  blood  are  absorbed  by  the  tissues  during  the  capillary  circula- 
tion, and  assimilated  by  them  or  converted  into  their  own  substance. 
In  this  process,  the  inorganic  or  saline  matters  are  mostly  taken  up 
unchanged,  and  are  merely  appropriated  by  the  surrounding  parts  in 
particular  quantities;  while  the  organic  substances  are  transformed 
into  new  compounds,  characteristic  of  the  different  tissues  by  which 
they  are  assimilated.  In  this  way  the  various  tissues  of  the  body, 
though  they  have  a  diflFerent  chemical  composition  from  the  blood, 
are  nevertheless  supplied  by  it  with  appropriate  ingredients,  and 
their  nutrition  constantly  maintained. 

Beside  this  process,  which  is  known  by  the  name  of  "assimila- 
tion," there  is  another  somewhat  similar  to  it,  which  takes  place  in 
the  different  glandular  organs,  known  as  the  process  of  secretion.  It 
is  the  object  of  this  function  to  supply  certain  fluids,  difiering  in 
chemical  constitution  from  the  blood,  which  are  required  to  assist 
in  various  physical  and  chemical  actions  going  on  in  the  body. 
These  secreted  fluids,  or  "secretions,"  as  they  are  called,  vary  in 
consistency,  density,  color,  quantity,  and  reaction.  Some  of  them 
are  thin  and  watery,  like  the  tears  and  the  perspiration ;  others  are 
viscid  and  glutinous,  like  mucus  and  the  pancreatic  fluid.  They 
are  alkaline  like  the  saliva,  acid  like  the  gastric  juice,  or  neutral 
like  the  bile.  Each  secretion  contains  water  and  the  inorganic  salts 
of  the  blood,  in  varying  proportions ;  and  is  furthermore  distin- 
guished by  the  presence  of  some  peculiar  animal  substance  which 
does  not  exist  in  the  blood,  but  which  is  produced  by  the  secreting 
action  of  the  glandular  organ.  As  the  blood  circulates  through  the 
capillaries  of  the  gland,  its  watery  and  saline  constituents  transude 
in  certain  quantities,  and  are  discharged  into  the  excretory  duct. 
At  the  same  time,  the  glandular  cells,  which  have  themselves  been 
nourished  by  the  blood,  produce  a  new  substance  by  the  catalytic 


SKCRBTIOX.  826 

transformation  of  their  organic  constituents;  and  this  new  substance 
is  discharged  also  into  the  excretory  duct  and  mingled  with  the 
other  ingredients  of  the  secreted  fluid.  A  true  secretion,  therefore, 
is  produced  only  in  its  own  particular  gland,  and  cannot  be  formed 
elsewhere,  since  the  glandular  cells  of  that  organ  are  the  only 
ones  capable  of  producing  its  most  characteristic  ingredient.  Thus 
pepsine  is  formed  onljr  in  the  tubules  of  the  gastric  mucous  mem- 
brane, pancreatine  only  in  the  pancreas,  tauro-cholate  of  soda  only 
in  the  liver. 

One  secreting  gland,  consequently,  can  never  perform  vicariously 
the  office  of  another.  Those  instances  which  have  been  from  time 
to  time  reported  of  such  an  unnatural  action  are  not,  properly 
speaking,  instances  of  "vicarious  secretion;"  but  only  cases  in 
which  certain  substances,  already  existing  in  the  blood,  have  made 
their  appearance  in  secretions  to  which  they  do  not  naturally  belong. 
Thus  cholesterine,  which  is  produced  in  the  brain  and  is  taken  up 
from  it  by  the  blood,  us\ially  pasises  out  with  the  bile ;  but  it  may 
also  appear  in  the  fluid  of  hydrocele,  or  in  inflammatory  exuda- 
tions. The  sugar,  again,  which  is  produced  in  the  liver  and  taken 
up  by  the  blood,  when  it  accumulates  in  large  quantity  in  the  cir- 
culating fluid,  may  pass  out  with  the  urine.  The  coloring  matter 
of  the  bile,  in  cases  of  biliary  obstruction,  may  be  reabsorbed,  and 
so  make  its  appearance  in  the  serous  fluids,  or  even  in  the  perspira- 
tion. In  these  instances,  however,  the  unnatural  ingredient  is  not 
actually  produced  by  the  kidneys,  or  the  perspiratory  glands,  but 
is  merely  supplied  to  them,  already  formed,  by  the  blood.  Cases 
of  "vicarious  menstruation"  are  simply  capillary  hemorrhages 
which  take  place  from  various  mucous  membranes,  owing  to  the 
general  disturbance  of  the  circulation  in  amenorrhoea.  A  true 
secretion,  however,  is  always  confined  to  the  gland  in  which  it 
naturally  originates. 

The  force  by  which  the  different  secreted  fluids  are  prepared  in 
the  glandular  organs,  and  discharged  into  their  ducts,  is  a  peculiar 
one,  and  resident  only  in  the  glands  themselves.  It  is  not  simply 
a  process  of  filtration,  in  which  the  ingredients  of  the  secretion 
exude  from  the  bloodvessels  by  exosmosis  under  the  influence  of 
pressure ;  since  the  most  characteristic  of  these  ingredients,  as  we 
have  already  mentioned,  do  not  pre-exist  in  the  blood,  but  are 
formed  in  the  substance  of  the  gland  itself.  Substances,  even, 
which  already  exist  in  the  blood  in  a  soluble  form,  may  not  have 
the  power  of  passing  out  through  the  glandular  tissue.    Bernard 
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has  found*  that  ferrocyanide  of  potassium,  when  injected  into  the 
jugular  vein,  though  it  appears  with  great  facility  in  the  urine, 
does  not  pass  out  with  the  saliva;  and  even  that  a  solution  of 
the  same  salt,  injected  into  the  duct  of  the  parotid  gland,  is  ab- 
sorbed, taken  up  by  the  blood,  and  discharged  with  the  urine ;  but 
does  not  appear  in  the  saliva,  even  of  the  gland  into  which  it  has 
been  injected.  The  force  with  which  the  secreted  fluids  accumulate 
in  the  salivary  ducts  has  also  been  shown  by  Ludwig's  experi- 
ments' to  be  sometimes  greater  than  the  pressure  in  the  bloodves- 
sels. This  author  found,  by  applying  mercurial  gauges  at  the  same 
time  to  the  duct  of  Steno  and  to  the  artery  of  the  parotid  gland,  that 
the  pressure  in  the  duct  from  the  secreted  saliva  was  considerably 
greater  than  that  in  the  artery  from  the  circulating  blood ;  so  that 
the  passage  of  the  secreted  fluids  had  really  taken  place  in  a  direc- 
tion contrary  to  that  which  would  have  been  caused  by  the  simple 
influence  of  pressure. 

The  process  of  secretion,  therefore,  is  one  which  depends  upon 
the.  peculiar  anatomical  and  chemical  constitution  of  the  glandular 
tissue  and  its  secreting  cells.  These  cells  have  the  property  of 
absorbing  and  transmitting  from  the  blood  certain  inorganic  and 
saline  substances,  and  of  producing,  by  chemical  metamorphosis, 
certain  peculiar  animal  matters  from  their  own  tissue.  These  sub- 
stances are  then  mingled  together,  dissolved  in  the  watery  fluids 
of  the  secretion,  and  discharged  simultaneously  by  the  excretory 
duct. 

All  the  secreting  organs  vary  in  activity  at  difierent  periods. 
Sometimes  they  are  nearly  at  rest ;  while  at  certain  periods  they 
become  excited,  under  the  influence  of  an  occasional  or  periodical 
stimulus,  and  then  pour  out  their  secretion  with  great  rapidity  and  in 
large  quantity.  The  perspiration,  for  example,  is  usually  so  slowly 
secreted  that  it  evaporates  as  rapidly  as  it  is  poured  out,  and  the 
surface  of  the  skin  remains  dry ;  but  under  the  influence  of  unusual 
bodily  exercise  or  mental  excitement  it  is  secreted  much  faster 
than  it  can  evaporate,  and  the  whole  integument  becomes  covered 
with  moisture.  The  gastric  juice,  again,  in  the  intervals  of  digestion, 
is  either  not  secreted  at  all,  or  is  produced  in  a  nearly  inappreciable 
quantity ;  but  on  the  introduction  of  food  into  the  stomach,  it  is 
immediately  poured  out  in  such  abundance,  that  between  two  and 
three  ounces  may  be  collected  in  a  quarter  of  an  hour. 

1  Lemons  de  Physiologie  Exp^rimentale.     Paris,  1856,  tome  ii.  p.  96  et  seq. 
«  Ibid.,  p.  106. 
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The  principal  secretions  met  with  in  the  animal  body  are  as 
follows : — 

1.  Maoiui.  6.  Saliya. 

2.  Sebaoeona  matter.  '  T.  Gastric  jaioe. 

3.  Perspiration.  8.  Pancreatic  Jaioe. 

4.  The  tears.  9.  Intestinal  Juice. 

5.  The  milk.  10.  Bile. 

The  last  five  of  these  fluids  have  already  been  described  in  the 
preceding  chapters.  We  shall  therefore  only  require  to  examine 
at  present  the  five  following,  viz.,  mucus,  sebaceous  matter,  per- 
spiration, the  tears,  and  the  milk,  together  with  some  peculiarities 
in  the  secretion  of  the  bile. 

1.  Mucus. — Nearly  all  the  mucous  membranes  are  provided  with 
follicles  or  gland uIbb,  in  which  the  mucus  is  prepared.  These  folli- 
cles are  most  abundant  in  the  lining  membrane  of  the  mouth,  nares, 
pharynx,  oesophagus,  trachea  and  bronchi,  vagina,  and  male  urethra. 
They  are  generally  of  a  compound  form,  consisting  of  a  number  of 
secreting  sacs  or  cavities,  terminating  at  one  end  in  a  blind  ex- 
tremity, and  opening  by  the  other  into  a  common  duct  by  which 
the  secreted  fluid  is  discharged.  Each  ultimate  secreting  sac  or 
follicle  is  lined  with  glandular  epithelium  (Fig.  102),  and  surround- 
ed on  its  external  surface  by  a  network  of  capillary  bloodvessels. 
These  vessels,  penetrating  deeply  into  the  ^j    ^^o 

interstices  between  the  follicles,  bring  the 
blood  nearly  into  contact  with  the  epithelial 
cells  lining  its  cavity.  It  is  these  cells 
which  prepare  the  secretion,  and  discharge 
it  afterward  into  the  commencement  of  the 

excretory  duct.  1^ollicl«.   of    a    co«. 

The  mucus,  produced   in  the    manner    rouno  mlcoub  olakdulr. 

«  >,  Ml*  1  11  /i>i        Prom  the  haman  Hnbjpct.     (Aftei 

above  described,  is  a  clear,  colorless  fluid,  KonikeD-w,.  Membrnne  of  th* 
which  is  poured  out  in  larger  or  smaller    '^»»cie.  6,  c.  Bi.itbeiinm  of  the 

quantity  on  the  surface  of    the   mucous 

membranes.  It  is  distinguished  from  other  secretions  by  its  vis- 
cidity, which  is  its  most  marked  physical  property,  and  which 
depends  on  the  presence  of  a  peculiar  animal  matter,  known  under 
the  name  of  mucosine.  When  unmixed  with  other  animal  fluids, 
this  viscidity  is  so  great  that  the  mucus  has  nearly  a  semi-solid  or 
gelatinous  consistency.  Thus,  the  mucus  of  the  mouth,  when  ob- 
tained unmixed  with  the  secretions  of  the  salivary  glands,  is  so 
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tough  and  adhesive  that  the  vessel  containing  it  may  be  turned 
upside  down  without  its  running  out.  The  mucus  of  the  cervix 
uteri  has  a  similar  firm  consistency,  so  as  to  block  up  the  cavity 
of  this  part  of  the  organ  with  a  semi-solid  gelatinous  mass.  Mucus 
is  at  the  same  time  exceedingly  smooth  and  slippery  to  the  touch, 
so  that  it  lubricates  readily  the  surfaces  upon  which  it  is  exuded, 
and  facilitates  the  passage  of  foreign  substances,  while  it  defends 
the  mucus  membrane  itself  from  injury. 

The  composition  of  mucus,  according  to  the  analyses  of  Nasse,' 
is  as  follows : — 

Composition  of  Pulmoxaby  Muccs. 
Water 955.52 


Animal  matter 

Fat 

Chloride  of  sod  i  am  . 
Phosphates  of  soda  and  potassa 
Sulphates 
Carbonates 


ti 


«t 


u 


It 


33.57 
2.89 
5.83 
1.05 
0.65 
0.49 


1000.00 

The  animal  matter  of  mucus  is  insoluble  in  water ;  and  conse- 
quently mucus,  when  dropped  into  water,  does  not  mix  with  it,  but 
is  merely  broken  up  by  agitation  into  gelatinous  threads  and  flakes, 
which  subside  after  a  time  to  the  bottom.'  It  is  miscible,  however, 
to  some  extent,  with  other  animal  fluids,  and  may  be  incorporated 
with  them,  so  as  to  become  thinner  and  more  dilute.  It  readily 
takes  on  putrefactive  changes,  and  communicates  them  to  other 
organic  substances  with  which  it  may  be  in  contact. 

The  varieties  of  mucus  found  in  different  parts  of  the  body  are 
probably  not  identical  in  composition,  but  differ  a  little  in  the  cha- 
racter of  their  principal  organic  ingredient,  as  well  as  in  the  pro- 
portions of  their  saline  constituents.  The  function  of  mucus  is  for 
the  most  part  a  physical  one,  viz.,  to  lubricate  the  mucous  surfaces, 
to  defend  them  from  injury,  and  to  facilitate  the  passage  of  foreign 
substances  through  their  cavities. 


2.  Sebaceous  Matter. — The  sebaceous  matter  is  distinguished 
by  containing  a  very  large  proportion  of  fatty  or  oily  ingredients. 
There  are  three  varieties  of  this  secretion  met  with  in  the  body, 
viz.,  one  produced  by  the  sebaceous  glands  of  the  skin,  another 
by  the  ceruminous  glands  of  the  external  auditory  meatus,  and 
a  third  by  the  Meibomian  glands  of  the  eyelid.     The  sebaceous 

<  Simon*s  Chemistry  of  Man,  Philada.,  1846,  p.  352. 
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the  skin  are  fouud  moat  abundantly  in  those  parts  whicli 
are  tLickly  covered  with  hairs,  as  well  as  on  the  face,  the  labia 
minora  of  the  female  generative  organs,  the  glana  penis,  and  the 
prepuce.  They  consist  sometimes  of  a  simple  follicle,  or  flask- 
shaped  cavity,  opening  by  a  single  orifice;  but  more  frequently  of 
a  number  of  such  follicles  grouped  round  a  common  excretory  duct. 
The  duct  nearly  always  opens  just  at  the  root  of  one  of  the  hairs, 
which  is  smeared  more  or  leas  abundantly 
with  its  secretion.    Each  follicle,  aa  in  the  Fig.  103. 

case  of  the  mucous  glandules,  is  lined 
with  epithelium,  and  its  cavity  is  filled 
with  the  secreted  sebaceous  matter. 

In  the  Meibomian  glands  of  the  eye- 
lid (Fig.  103),  the  folliclea  are  ranged 
along  the  siiies  of  an  excretory  duct, 
situated  just  beneath  the  conjunctiva,  on 
the  posterior  surface  of  the  tarsus,  and 
opening  upon  its  free  edge,  a  little  be- 
hind the  roots  of  the  eyelashes.  The 
ceruminous  glands  of  the  external  audi- 
tory meatus,  again,  have  the  form  of  long 
tubes,  which  terminate,  at  the  lower  part 
of  the  integument  lining  the  meatus,  in  Ludo.ic. 
a  globular  coil,  or  convolution,  covered 
externally  by  a  network  of  capillary  bloodvessels. 

The  sebaceous  matter  of  the  akin  has  tlie  following  composition, 

iording  to  Esenbeck.' 

CoHPoalTlos  OF  Sebaikiius  M.lTTI'n. 

Animal  BobittaiicKa 3SS 

Pnltj  maltera 3G8 

Phosphate  of  llmo .  200 

Carbonate  of  lime 21 

CarbonatB  of  niagnesla 16 

Chloridti  of  sodium   I  „. 
Acetate  ot  eoda,  &c.  ' 

imw 
Dwiug  to  the  large  proportion  of  stearine  in  the  fatty  ingredients 
"the  sebaceous  matters,  they  have  a  considerable  degree  of  con- 
tency.     Their  office  is  to  lubricate  the  integument  and  the  hairs, 
to  keep  them  soft  and  pliable,  and  to  prevent  their  drying  up  by 

'  Simon's  Cbemtatry  of  Man.  p.  S79. 
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too  rapid  evaporation.  When  the  sebaoeoos  glands  of  the  aoalp 
are  inactive  or  atrophied,  the  haira  become  dry  and  brittle,  are 
easily  split  or  broken  oS,  and  finally  cease  growing  altogether. 
The  oeruminous  matter  of  the  ear  is  intended  without  doubt  partly 
to  obatract  the  cavity  of  the  meatus,  and  by  its  glutinous  consist- 
ency and  strong  odor  to  prevent  small  insects  from  accidentally 
introducing  themselves  into  the  meatus.  The  secretion  of  the 
Meibomian  glands,  by  being  smeared  on  the  edges  of  the  eyelids, 
prevents  the  tears  from  running  over  upon  the  cheeks,  and  confines 
them  within  the  cavity  of  the  lachrymal  canals. 

8.  Perspiration. — ^The  perspiratory  glands  of  the  skin  are  scat- 
tered everywhere  throughout  the  integument,  being  most  abundant 
<m  the  anterior  portions  of  the  body.  They  consist  each  of  a  slender 
tube,  about  ^^g  of  an  inch  in  diameter,  lined  with  glandular  epi- 
thelium, which  penetrates  nearly  through  the  entire  thickness  ot 
the  skin,  and  terminates  below  in  a  globular  coil,  very  similar  in 
appearance  to  that  of  the  cenitni- 
nous  glands  of  the  ear.  (Fig.  104.) 
A  network  of  capillary  vessels 
envelops  the  tubular  coil  and  sup- 
plies the  gland  with  the  materials 
necessary  to  its  secretion. 

These  glands  are  very  abundant 
in  some  parts.  On  the  posterior 
portion  of  the  trunk,  the  cheeks, 
and  the  akin  of  the  thigh  and  leg 
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r\jf      there  are,  according  to  Krause,' 
fY^         about  500  to  the  square  inch;  on 


the  anterior  part  of  the  trunk,  the 
forehead,  the  neck,  the  forearm, 
A  PBB.PTKiTour  OL*sB,*\ih  It- rcih  g^d  tfac  back  of  the  hand  and  foot 
mV)^  flUi.di.i'J"rii.  b.  pi*KBt  o".«Mi^,  1000  to  the  square  inch ;  and  on 
the  sole  of  the  foot  and  the  palm 
of  the  hand  about  2700  in  the  same  space.  According  to  the  same 
observer,  the  whole  number  of  perspiratory  glands  is  not  less  than 
2,300,000,  and  the  length  of  each  tubular  coil,  when  unravelled, 
about  t'(  of  an  inch.  The  entire  length  of  the  glandular  tubing 
must  therefore  be  not  less  than  163,000  inches,  or  about  two  miles 
and  a  half 

'  Kolliker,  Hftodbacb  der  Gevebelehre,  Leip^gi  ^^52,  p.  147. 
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It  is  easy  to  understand,  therefore,  that  a  very  large  quantity  of 
fluid  may  be  supplied  from  so  extensive  a  glandular  apparatus.    It  j 
results  from  the  researches  of  Lavoisier  and  Seguin^  that  the  ave-  j 
rage  quantity  of  fluid  lost  by  cutaneous  perspiration  during  24; 
hours  is  13,500  grains,  or  nearly  two  pounds  avoirdupois.    A  still ' 
larger  quantity  than  this  may  be  discharged  during  a  shorter  time, 
when  the  external  temperature  is  high  and  the  circulation  active. 
Dr.  Southwood  Smith'  found  that  the  laborers  employed  in  gas  • 
works  lost  sometimes  as  much  as  3|  pounds'  weight,  by  both  cuta  ; 
neous  and  pulmonary  exhalation,  in  less  than  an  hour.    In  these 
cases,  as  Seguin  has  shown,  the  amount  of  cutaneous  transpiration 
is  about  twice  as  great  as  that  which  takes  place  through  the  lungs. 

The  perspiration  is  a  colorless  watery  fluid,  generally  with  a 
distinctly  acid  reaction,  and  having  a  peculiar  odor,  which  varies 
somewhat  according  to  the  part  of  the  body  from  which  the  speci- 
men is  obtained.  Its  chemical  constitution,  according  to  Ansel- 
mino,'  is  as  follows : —  ^t 

COMPOfnTfOH  OF  THB  PBBflPIBATIOlT. 

Water 995.00 

Animal  matters,  with  lime  ........  .10 

Sulphates,  and  sabstaiioes  solable  in  water         ....  1.05 

Chlorides  of  sodium  and  potaottiam,  and  spirit-eztraot        .        .  2.40 

Acetic  acid,  acetates,  lactates,  and  aleohol-eztract       .        .        .  1.46 

1000.00 

The  office  of  the  cutaneous  perspiration  is  principally  to  regulate 
the  temperature  of  the  body.  We  have  already  seen,  in  a  preced- 
ing chapter,  that  the  living  body  will  maintain  the  temperature  of 
100°  F.,  though  subjected  to  a  much  lower  temperature  by  the 
surrounding  atmosphere,  in  consequence  of  the  continued  genera- 
tion of  heat  which  takes  place  in  its  interior ;  and  that  if,  by  long 
continued  or  severe  exposure,  the  blood  become  cooled  down  much 
below  its  natural  standard,  death  inevitably  results.  But  the  body 
has  also  the  power  of  resisting  an  unnaturally  high  temperature, 
as  well  as  an  unnaturally  low  one.  If  exposed  to  the  influence  of 
an  atmosphere  warmer  than  100°  F.,  the  body  does  not  become 
heated  up  to  the  temperature  of  the  air,  but  remains  at  its  natural 
standard.  This  is  provided  for  by  the  action  of  the  cutaneous 
glands,  which  are  excited  to  unusual  activity,  and  pour  out  a  large 
quantity  of  watery  fluid  upon  the  skin.    This  fluid  immediately 

'  Milne  Edwards,  Lec^ns  snr  la  Physiologic,  &c.,  toI.  ii.  p.  623. 
<  Philoflophj  of  Health,  London,  1838,  chap.  ziii. 
*  Simon.     Op.  dt.,  p.  374. 
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evaporates;  and  in  assuming  the  gaseous  form  causes  so  much  heat 
to  become  latent  that  the  cutaneous  surfaces  are  cooled  down  to 
their  natural  temperature. 

So  long  as  the  air  is  dry,  so  that  evaporation  from  the  surface 
can  go  on  rapidly,  a  very  elevated  temperature  can  be  borne  with 
impunity.  The  workmen  of  the  sculptor  Chantrey  were  in  the 
habit,  according  to  Dr.  Carpenter,  of  entering  a  furnace  in  which 
the  air  was  heated  up  to  850° ;  and  other  instances  have  been  known 
in  which  a  temperature  of  400°  to  600°  has  been  borne  for  a  time, 
without  much  inconvenience.  But  if  £he  air  be  saturated  with 
moisture,  and  evaporation  from  the  skin  in  this  way  retarded,  the 
body  soon  becomes  unnaturally  warm ;  and  if  the  exposure  be  long 
continued,  death  is  the  result.  It  is  easily  seen  that  horses,  when 
fast  driven,  suffer  much  more  from  a  warm  and  moist  atmosphere 
than  from  a  warm  and  dry  one.  The  exfferiments  of  Magendie  and 
others  have  shown*  that  quadrupeds  confined  in  a  dry  atmosphere 
suffer  at  first  but  little  inconvenience,  even  when  the  temperature 
is  much  above  that  of  their  own  bodies ;  but  as  soon  as  the  atmo- 
sphere is  loaded  with  moisture,  or  the  supply  of  perspiration  is  ex- 
hausted, the  blood  becomes  heated,  and  the  animal  dies.  Death 
follows  in  these  cases  as  soon  as  the  blood  has  become  heated  up  to 
8°  or  9°  F.,  above  its  natural  standard.  The  temperature  of  110°, 
therefore,  which  is  the  natural  temperature  of  birds,  is  fatal  to  quad- 
rupeds ;  and  we  have  found  that  frogs,  whose  natural  temperature 
is  50°  or  60°,  die  very  soon  if  they  are  kept  in  water  at  100°  F. 

The  amount  of  perspiration  is  liable  to  variation,  as  we  have 
already  intimated,  from  the  variations  in  temperature  of  the  sur- 
rounding atmosphere.  It  is  excited  also  by  unusual  muscular 
exertion,  and  increased  or  diminished  by  various  nervous  condi- 
tions, such  as  anxiety,  irritation,  lassitude,  or  excitement. 

4.  The  Tears. — The  tears  are  produced  by  lobulated  glands 
situated  at  the  upper  and  outer  part  of  the  orbit  of  the  eye,  and 
opening,  by  from  six  to  twelve  ducts,  upon  the  surface  of  the  con- 
junctiva, in  the  fold  between  the  eyeball  and  the  outer  portion  of 
the  upper  lid.  The  secretion  is  extremely  watery  in  its  composition, 
and  contains  only  about  one  part  per  thousand  of  solid  matters, 
consisting  mostly  of  chloride  of  sodium  and  animal  extractive 
matter.     The  office  of  the  lachrymal  secretion  is  simply  to  keep  the 

'  Bernard,  Lectaros  on  the  Blood.     Atlee's  trandlation,  PhUa.,  1854,  p.  25. 
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rfaces  of  the  cornea  and  conjiincliva  moist  and  polished,  and  to 
preserve  in  this  way  the  transparency  of  the  parts.  The  tears, 
which  are  constantly  secreted,  are  spread  out  uniformly  over  the 
anterior  part  of  the  eyeball  by  the  movement  of  the  lids  in  ivink- 
ing,  and  are  gradually  conducted  to  the  inner  angle  of  the  eye. 
Here  they  are  taken  up  by  the  puncta  lachrymalia,  pass  through 
the  lachrymal  canals,  and  are  finally  discharged  into  the  nasal  pas- 
sages beneath  the  inferior  turbinated  bones.  A  constant  supply  of 
fresh  fluid  ia  thus  kept  passing  over  the  transparent  parts  of  the 
eyeball,  and  the  bad  results  avoided  which  would  follow  from  its 
accumulation  and  putrefactive  alteration. 

5.  The  Milk. — The  mammary  glands  are  conglomerate  glands^ 
resembling  closely  in  their  structure  the  pancreas,  the  sfilivary,  and 
the  lachrymal  glands.  They  consist  of  numerous  secreting  sacs  or 
follicles,  grouped  together  in  lobules,  each  lobule  being  supplieil 
with  a  common  excretory  duct,  which  joins  those  coming  from 
adjacent  parts  of  the  gland. 

{Fig.  105.)     In  this  way,  by  Fig.  105. 

their  successive  union,  they 
form  larger  branches  and 
trunks,  until  th  ey  a  re  reduced 
in  numbers  to  some  15  or  20 
cylindrical  duct.'i,  the  lacti/er- 
o\i8  ducts,  which  open  finally 
by  as  many  minute  orifices 
upon  the  extremity  of  the 
nipple. 

The  secretion  of  the  milk 
becomes  fairly  established  at 
the  end  of  two  or  three  days 
after  delivery,  though  the 
breasts  often  contain  a  milky 

fluid  during  the  latter  part  of  pregnancy.  At  first  the  fluid  dis- 
charged from  the  nipple  is  a  yellowi-sh  turbid  mixture,  which  is 
called  the  eoloslrum.  It  has  the  appearance  of  being  thinner  than 
the  milk,  but  chemical  examinations  have  shown'  that  it  really  con- 
tains a  larger  amount  of  solid  ingredients  than  the  perfect  secre- 
tion. When  examined  under  the  microscope  it  is  seen  to  contain, 
beside  the  milk-globules  proper,  a  large  amount  of  irregularly  glo- 
'  LeliniaiiD,  op.  cit.,  vol.  il.  p.  ti3. 


884 


SECRETION. 


Fig.  106. 


bular  or  oval  bodies,  from  tt^jt  to  yj^y  of  an  inch  in  diameter, 

which  are  termed  the  "colostrum  corpuscles."    (Fig.  106.)    These 

bodies  are  more  yellow  and 
opaque  than  the  true  milk- 
glob  ules,  as  well  as  being  very 
much  larger.  They  have  a 
well  defined  outline,  and  con- 
sist apparently  of  a  group  of 
minute  oily  granules  or  glo- 
bules, imbedded  in  a  mass 
of  organic  substance.  The 
milk-globules  at  this  time 
are  less  abundant  than  after- 
ward, and  of  larger  size^ 
measuring  mostly  from  j^^^^ 
to  TsVv  of  an  inch  in  dia- 
meter. 

At  the  end  of  a  day  or 
two  after  its  first  appearance, 

the  colostrum  ceases  to  be  discharged,  and  is  replaced  by  the  true 

milky  secretion. 

The  milk,  as  it  is  discharged  from  the  nipple,  is  a  white,  opaque 

fluid,  with  a  slightly  alkaline  reaction,  and  a  specific  gravity  of 

about  1080.     Its  proximate  chemical  constitution,  according  to 

Fereira  and  Lehmann,  is  as  follows : — 


CoLOSTBUX    CoiiprsoLxs,  with  milk-globnlas ; 
from  a  woman,  one  daj  aft«r  doliTorj. 


CoMPoonoir  op  Cow's  Milk. 

Water 

Cmsein 

Batter 

Sugar        

Soda 

Cblorifles  of  sodiam  and  potaaeiam  . 

Phosphates  of  fio<ia  and  potassa 

Phosphate  of  lime 

"  '*  magnesia 

"  "iron 

Alkaline  carbonates 


870.2 
44.8 
31.3 
47.7 


6.0 


100(1.0 


Human  milk  is  distinguished  from  the  above  by  containing  less 
casein,  and  a  larger  proportion  of  oily  and  saccharine  ingredients. 
The  entire  amount  of  solid  ingredients  is  also  somewhat  less  than 
in  cow's  milk. 
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The  coMin  is  one  of  the  most  importBot  ingredieDts  of  the  milk. 
It  b  au  extremelj  outritiouB  organic  Bubstaooe,  whioh  is  held  ia  a 
fluid  form  by  unioii  with  the  water  of  the  secretion.  Casein  is  not 
coagulable  bj  heat,  and  consequently,  milk  may  be  boiled  without 
changing  its  consistency  to  any  considerable  extent.  It  becomee 
a  little  thinner  and  more  fluid  during  ebullition,  owing  to  the  melt- 
ing of  its  oleaginous  ingredients;  and  a  thin,  membranous  film 
forms  upon  its  surface,  consisting  probably  of  a  very  little  albumen, 
which  the  milk  contains,  mingled  with  the  casein.  The  addition  of 
any  of  the  acids,  however,  mineral,  animal,  or  vegetable,  at  once 
coagulates  the  casein,  and  the  milk  becomes  curdled.  Milk  is 
coagulated,  furthermore,  by  the  gastric  juice  in  the  natural  process 
of  digestion,  immediately  after  being  taken  into  the  stomach;  and 
if  vomiting  occur  soon  after  a  meal  containing  milk,  it  is  thrown 
off  in  the  form  of  semi-solid,  curd-like  flakes. 

The  mucous  membrane  of  the  calves'  stomach,  or  rennet,  also 
has  the  power  of  coagulating  casein;  and  when  milk  has  been 
curdled  in  this  way,  and  its  watery,  saccharine,  and  inorganic  in- 
gredients separated  by  mechanical  pressure,  it  is  converted  into 
cheese.  The  peculiar  flavor  of  the  different  varieties  of  cheese 
depends  on  the  quantity  and  quality  of  the  oleaginous  ingredients 
which  have  been  entangled  with  the  coagulated  casein,  and  on  the 
alterations  which  these  sub- 
stances have  undergone  by 
the  lapse  of  time  and  ex- 
posure to  the  atmosphera 

The  sugar  and  saline  sub- 
stances of  the  milk  are  in 
solution,  together  with  the 
casein  and  water,  forming  a 
clear,  colorless,  homogene- 
ous, serous  fluid.  The  but* 
ter,  or  oleaginous  ingredient, 
however,  is  suspended  in 
this  serous  fluid  in  the  form 
of  minute  granules  and 
globules,  the  true  "  milk- 
globules."  (Fig.  107.)  These  ^ 
globules  are  nearly  fluid  at 

the  temperature  of  the  body,  and  have  a  perfectly  ciroular  out- 
line.   In  the  perfect  milk,  they  are  very  much  more  abundant  and 


Pig.  107. 
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smaller  in  size  than  in  the  colostrum ;  as  the  largest  of  them  are 
not  over  ^^^g  of  an  inch  in  diameter,  and  the  greater  number 

about  TQvvv  of  ^^  i^<^^- 
The  following  is  the  composition  of  the  butter  of  cow's  milk, 

according  to  Robin  and  Verdeil : — 

Margarine    ..•..••...    68 

Oleine 30 

Batyrine 2 

100 

It  is  the  last  of  these  ingredients,  the  butjrine,  which  gives  the 
peculiar  flavor  to  the  butter  of  milk. 

The  milk-globules  have  sometimes  been  described  as  if  each  one 
were  separately  covered  with  a  thin  layer  of  coagulated  casein  or 
albumen.  No  such  investing  membrane,  however,  is  to  be  seen. 
The  milk-globules  are  simply  small  masses  of  semi-fluid  fat,  sus- 
pended by  admixture  in  the  watery  and  serous  portions  of  the 
secretion,  so  as  to  make  an  opaque,  whitish  emulsion.  They  do 
not  fuse  together  when  they  come  in  contact  under  the  microscope, 
simply  because  they  are  not  quite  fluid,  but  contain  a  large  pro- 
portion of  margarine,  which  is  solid  at  ordinary  temperatures  of  the 
body,  and  is  only  retained  in  a  partially  fluid  form  by  the  oleine 
with  which  it  is  associated.  The  globules  may  be  made  to  fuse  with 
each  other,  however,  by  simply  heating  the  milk  and  subjecting  it 
to  gentle  pressure  between  two  slips  of  glass. 

When  fresh  milk  is  allowed  to  remain  at  rest  for  twelve  to  twenty- 
four  hours,  a  large  portion  of  its  fatty  matters  rise  to  the  surface, 
and  form  there  a  dense  and  rich-looking  yellowish-white  layer,  the 
cream,  which  may  be  removed,  leaving  the  remainder  still  opaline, 
but  less  opaque  than  before.  At  the  end  of  thirty-six  to  forty-eight 
hours,  if  the  weather  be  warm,  the  casein  begins  to  take  on  a 
putrefactive  change.  In  this  condition  it  exerts  a  catalytic  action 
upon  the  other  ingredients  of  the  milk,  and  particularly  upon  the 
sugar.  A  pure  watery  solution  of  milk-sugar  (C^^'EL^fi^  may  be 
kept  for  an  indefinite  length  of  time,  at  ordinary  temperatures, 
without  undergoing  any  change.  But  if  kept  in  contact  with  the 
partially  altereci  casein,  it  suffers  a  catalytic  transformation,  and  is 
converted  into  lactic  acid  {C^Kfi^.  This  unites  with  the  free  soda, 
and  decomposes  the  alkaline  carbonates,  forming  lactates  of  soda 
and  potassa.  After  the  neutralization  of  these  substances  has  been 
accomplished,  the  milk  loses  its  alkaline  reaction  and  begins  to  turn 
sour.    The  free  lactic  acid  then  coagulates  the  casein,  and  the  milk 
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is  curdled.  The  altered  organic  matter  also  acts  upon  the  olea- 
ginous ingredients,  which  are  partly  decomposed;  and  the  milk 
begins  to  give  oflf  a  rancid  odor,  owing  to  the  development  of 
various  volatile  fatty  acids,  among  which  are  butyric  acid,  and  the 
like.  These  changes  are  very  much  hastened  by  a  moderately 
elevated  temperature,  and  also  by  a  highly  electric  state  of  the 
atmosphere. 

The  production  of  the  milk,  like  that  of  other  secretions,  is  liable 
to  be  much  influenced  by  nervous  impressions.  It  may  be  increased 
or  diminished  in  quantity,  or  vitiated  in  quality  by  sudden  emo- 
tions ;  and  it  is  even  said  to  have  been  sometimes  so  much  altered 
in  this  way  as  to  produce  indigestion,  diarrhoea,  and  convulsions  in 
the  infant. 

Simon  found^  that  the  constitution  of  the  milk  varies  from  day  to 
day,  owing  to  temporary  causes ;  and  that  it  undergoes  also  more 
permanent  modifications,  corresponding  with  the  age  of  the  infant,  j 
He  analyzed  the  milk  of  a  nursing  woman  during  a  period  of  nearly 
six  months,  commencing  with  the  second  day  after  delivery,  and 
repeating  his  examinations  at  intervals  of  eight  or  ten  days.    It  ^ 
appears,  from  these  observations,  that  the  casein  is  at  first  in  small  ' 
quantity ;  but  that  it  increases  during  the  first  two  months,  and  i 
then  attains  a  nearly  uniform  standard.    The  saline  matters  also  1 
increase  in  a  nearly  similar  manner.    The  sugar,  on  the  contrary, 
diminishes  during  the  same  period ;  so  that  it  is  less  abundant  in 
the  third,  fourth,  fifth  and  sixth  months,  than  it  is  in  the  first  and 
second.    These  changes  are  undoubtedly  connected  with  the  in-  ' 
creasing  development  of  the  infant,  which  requires  a  corresponding  ■ 
alteration  in  the  character  of  the  food  supplied  to  it.    Finally,  the 
quantity  of  butter  in  the  milk  varies  so  much  from  day  to  day, 
owing  to  incidental  causes,  that  it  cannot  be  said  to  follow  any 
regular  course  of  increase  or  diminution. 

6.  Secretion  of  the  Bile. — The  anatomical  peculiarities  in  the 
structure  of  the  liver  are  such  as  to  distinguish  it  in  a  marked 
degree  from  the  other  glandular  organs.  Its  first  peculiarity  is 
that  it  is  furnished  principally  with  venous  blood.  For,  although 
it  receives  its  blood  from  the  hepatic  artery  as  well  as  from  the 
portal  vein,  the  quantity  of  arterial  blood  with  which  it  is  supplied 
is  extremely  small  in  comparison  with  that  which  it  receives  from 

»  Op.  cit.,  p.  337. 
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the  portal  system.     The  blood  whitjli  Las  circulated  throagli  the '' 
capillaries  of  the  stomach,  siileen,  pancreas,  and  intestine  is  col- 
lected bj  the  roots  of  the  corresponding  veiiia,  and  discharged  into 
the  portal  vein,  which  enters  the  liver  at  the  great  transvera 
fissure  of  the  organ.     Immediately  upon  its  entrance,  the  port 
vein  divides  into  two  branches,  right  and  left,  which  supply  th( 
corresponding  portions  of  the  liver;  and  these  branches  succes 
ively  subdivide  into  smaller  twigs  and  ramifications,  until  they  art 
reduced  to  the  size,  according  to  Kolliker,  of  Ta'so  °^  ^^  ^^^^  ^ 
diameter.     These  veins,  with  their  terminal  branches,  are  arrang< 
in   such   a   manner   as   to   include   between  them  pentagonal  « 
hexagonal  spaces,  or  portions  of  the  hepatic  substance,  j'g  to  -^A 
of  an  inch  in  diameter  in  the  human  subject,  which  can  readily  be 
distinguished  by  the  naked  eye,  both  on  the  exterior  of  the  organ 
and  by  the  inspection  of  cut  surfaces.     The  portions  of  hepatio 
substance  included  in  this  way  between  the  terminal   branches 
of  the  portal  vein  (Fig,  108) 
are    termed    the   "acini"   or  _ 
"lobules"  of  the  Uver; 
the  terminal  venous  branchei 
occupying  the  spaces  betwet 
the  adjacent  lobules,  are  thd 
"interlobular"  veins.     In  thi 
spaces  between   the   lobule* 
we    also    Jind    the    minute 
branches  of  the  hepatic  ari 
tery,   and    the    commencin; 
rootlets  of  the  hepatic  ducta 
As  the   portal  vein,  the  ho^ 
patic  artery,  and  the  bepatii 
duct  enter  the  liver  at  I 
TiricirpaTuiTrtD.  »,6.  tmeciobuLBrTaLiiL  e. Aeini.    tfansvcrso   fissure,   they   aro4 

closely  invested  by  a  fibrous 
sheath,  termed  Glisson's  cajisule,  which  accompanies  them  in  their 
divisions  and  ramifications.  In  some  of  the  lower  animals,  as  in  the 
pig,  this  sheath  extends  even  to  the  interlobular  spaces,  inclosing 
each  lobule  in  a  thin  fibrous  investment,  by  which  it  is  distinctly 
separated  from  the  neighboring  parts.  In  the  human  subject,  how- 
ever, Glisson's  capsule  becomes  gradually  thinner  as  it  penetrates 
the  liver,  and  disappears  altogether  before  reaching  the  interlobular 
spaces ;  so  that  here  the  lobules  are  nearly  in  contact  with  each 
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other  hj  their  adjacent  surfaceE^  being  separated  onlj  by  the  inter- 
lobular  veins  and  the  minute  branches  of  the  hepatic  artery  and 
duct  previously  mentioned. 

From  the  sides  of  the  interlobular  veins,  and  also  from  their 
terminal  extremities,  there  are  given  off  capillary  vessels,  vhich 
penetrate  the  substance  of  each  lobule  and  converge  &om  its  cir* 
cum&rence  toward  its  centre,  inosculating  at  the  same  time  freely 
with  each  other,  so  as  to  form  a  minute  vascular  plexus,  the  "  lobu- 
lar" capillary  plexus.  (Fig.  109.)    At  the  centre  of  eaoh  lobul^  the 

R«.  109. 


converging  capillaries  unite  into  a  small  vein  (b),  tbe  "  intraloba- 
lar"  vein,  which  is  one  of  the  commencing  rootlets  of  the  hepatic 
vein.  These  rootlet^  uniting  successively  with  each  other,  so  as 
to  form  larger  and  larger  branches,  finally  leave  the  liver  at  its 
posterior  edge,  to  empty  into  the  ascending  vena  cava. 

Beside  the  capillary  bloodvessels  of  the  lobular  plexus  each 
acinus  is  made  up  of  an  abundance  of  minute  cellular  bodies,  about 
TsW  of  an  inch  in  diameter,  the  "hepatic  cells."  (Fig.  110.)  These 
cells  have  an  irregularly  pentagonal  figure,  and  a  soft  consistency. 
They  are  composed  of  a  homogeneous  organic  substance,  in  the 
midst  of  vhich  are  imbedded  a  large  number  of  minute  granules, 
and  generally  several  well  defined  oil-globules.  There  is  also  a 
round  or  oval  nucleus  with  a  nucleolus  imbedded  in  the  substance 
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of  the  cell,  sometimes  more  or  less  obscured  by  the  granules  and 
oil  drops  with  which  it  is  surrounded. 

The  exact  mode  in  which  these  cells  are  connected  with  the 
hepatic  duct  was  for  a  long  time  the  most  obscure  point  in  the 

minute  anatomy  of  the  liver. 
*'      ■  It  has  now  been  ascertained, 

however,  by  the  researches  of 
Dr.  Leidy,  of  Philadelphia,* 
and  Dr.  Beale,  of  London,* 
that  they  are  really  contained 
in  the  interior  of  secreting 
tubules,  which  pass  off  from 
the  smaller  hepatic  ducts^  and 
penetrate  everywhere  the 
substance  of  the  lobules. 
The  cells  fill  nearly  or  com- 
pletely the  whole  cavity  of 
the  tubules^  and  the  tubules, 
themselves  lie  in  close  proxi- 
mity with  each  other,  so  as 
to  leave  no  space  between  them  except  that  which  is  occupied  by 
the  capillary  bloodvessels  of  the  lobular  plexus. 

These  cells  are  the  active  agents  in  accomplishing  the  function  of 
the  liver.  It  is  by  their  influence  that  the  blood  which  is  brought 
in  contact  with  them  suffers  certain  changes  which  give  rise  to  the 
secreted  products  of  the  organ.  The  ingredients  of  the  bile  first 
make  their  appearance  in  the  substance  of  the  cells.  They  are 
then  transuded  from  one  to  the  other,  until  they  are  at  last  dis- 
charged into  the  small  biliary  ducts  seated  in  the  interlobular 
spaces.  Each  lobule  of  the  liver  must  accordingly  be  regarded  as 
a  mass  of  secreting  tubules,  lined  with  glandular  cells,  and  invested 
with  a  close  network  of  capillary  bloodvessels.  It  follows,  there- 
fore, from  the  abundant  inosculation  of  the  lobular  capillaries,  and 
the  manner  in  which  they  are  entangled  with  the  hepatic  tissue, 
that  the  blood,  in  passing  through  the  circulation  of  the  liver, 
comes  into  the  most  intimate  relation  with  the  glandular  cells  of 
the  organ,  and  gives  up  to  them  the  nutritious  materials  which  are 
afterward  converted  into  the  ingredients  of  the  bile. 


Hepatic  Cbils.    From  tba  hnnutn  BnbjMl. 


>  American  Jonrnal  Med.  Soi.,  Jannarj,  1848. 

*  Uu  ^oiiie  Points  in  the  Minute  Anatotnj  of  tlie  Liver.    London,  1856. 
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CHAPTER   XVII. 

EXCRETION. 

Wb  have  now  come  to  the  last  division  of  the  great  nutritive 
function,  viz..  the  process  of  excretion.  In  order  to  understand  fairly 
the  nature  of  this  process  we  must  remember  that  all  the  component 
parts  of  a  living  organism  are  necessarily  in  a  state  of  constant 
change.  It  is  one  of  the  essential  conditions  of  their  existence  and 
activity  that  they  should  go  through  with  this  incessant  transforma* 
tion  and  renewal  of  their  component  substances.  Every  living 
animal  and  vegetable,  therefore,  constantly  absorbs  certain  materials 
from  the  exterior,  which  are  modified  and  assimilated  by  the  pro- 
cess of  nutrition,  and  converted  into  the  natural  ingredients  of  the 
organized  tissues.  But  at  the  same  time  with  this  incessant  growth 
and  supply,  there  goes  on  in  the  same  tissues  an  equally  incessant 
process  of  waste  and  decomposition.  For  though  the  elements  of 
the  food  are  absorbed  by  the  tissues,  and  converted  into  musculine, 
osteine,  ha^matine  and  the  like,  they  do  not  remain  permanently  in 
this  condition,  but  almost  immediately  begin  to  pass  over,  by  a  con- 
tinuance of  the  alterative  process,  into  new  forms  and  combinations, 
which  are  destined  to  be  expelled  from  the  body,  as  others  continue 
to  be  absorbed.  Thus  Spallanzani  and  Edwards  found  that  every 
organized  tissue  not  only  absorbs  oxygen  from  the  atmosphere 
and  fixes  it  in  its  own  substance;  but  at  nie  same  time  exhales 
carbonic  acid,  which  has  been  produced  by  internal  metamorphosis. 
This  process,  by  which  the  ingredients  of  the  organic  tissues,  al- 
ready formed,  are  decomposed  and  converted  into  new  substances, 
is  called  the  process  of  Destructive  Assimilation. 

Accordingly  we  find  that  certain  substances  are  constantly  mak- 
ing their  appearance  in  the  ti^ues  and  fluids  of  the  body,  which 
did  not  exist  there  originally,  and  which  have  not  been  introduced 
with  the  food,  but  which  have  been  produced  by  the  process  of  in- 
ternal metamorphosis.  These  substances  represent  the  waste,  or 
physiological  detritus  of  the  animal  organism.    They  are  the  forms 
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under  which  those  materials  present  themselves^  which  have  onoe 
formed  a  part  of  the  living  tissues^  but  which  have  become  altered 
bj  the  incessant  changes  characteristic  of  organized  bodies,  and 
which  are  consequently  no  longer  capable  of  exhibiting  vital  pro- 
perties, or  of  performing  the  vital  functions.  They  are,  therefore, 
destined  to  be  removed  and  discharged  from  the  animal  frame,  and 
are  known  accordingly  by  the  name  of  ExcreTnentitiouB  Substances. 

These  excrementitious  substances  have  peculiar  characters  by 
which  they  may  be  distinguished  from  the  other  ingredients  of  the 
living  body ;  and  they  might,  therefore,  be  made  to  constitute  a 
fourth  class  of  proximate  principles,  in  addition  to  the  three  which 
we  have  enumerated  in  the  preceding  chapters.  They  are  all  sub- 
stances of  definite  chemical  composition,  and  all  susceptible  of 
crystallization.  Some  of  the  most  important  of  them  contain  nitro- 
gen, while  a  few  are  non-nitrogenous  in  their  composition.  They 
originate  in  the  interior  of  living  bodies^  and  are  not  found  else- 
where, except  occasionally  as  the  result  of  decomposition.  They 
are  nearly  all  soluble  in  water,  and  are  soluble  without  exception  in 
the  animal  fluids.  They  are  formed  in  the  substance  of  the  tissues, 
from  which  they  are  absorbed  by  the  blood,  to  be  afterward  conveyed 
by  the  circulating  fluid  to  certain  excretory  organs,  particularly  the 
kidneys,  from  which  they  are  finally  discharged  and  expelled  from 
the  body.  This  entire  process,  made  up  of  the  production  of  the 
excrementitious  substances,  their  absorption  by  the  blood,  and  their 
final  elimination,  is  known  as  the  process  of  excretion. 

The  importance  of  this  process  to  the  maintenance  of  life  is  readily 
shown  by  the  injurious  efiects  which  follow  upon  its  disturbance. 
If  the  discharge  of  the  excrementitious  substances  be  in  any  way. 
impeded  or  suspended,  these  substances  accumulate,  either  in  the 
blood  or  in  the  tissues,  or  in  both.  In  consequence  of  this  retention 
and  accumulation,  they  become  poisonous,  and  rapidly  produce  a 
derangement  of  the  vital  functions.  Their  influence  is  principally 
exerted  upon  the  nervous  system,  through  which  they  produce 
most  frequent  irritability,  disturbance  of  the  special  senses,  deli- 
rium, insensibility,  coma,  and  finally  death.  The  readiness  with 
which  these  effects  are  produced  depends  on  the  character  of  the 
excrementitious  substance,  and  the  rapidity  with  which  it  is  pro- 
duced in  the  body.  Thus,  if  the  elimination  of  carbonic  acid  be 
stopped,  by  overloading  the  atmosphere  with  an  abundance  of  the 
same  gas,  death  takes  place  at  the  end  of  a  few  minutes ;  but  if  the 
elimination  of  urea  by  the  kidneys  be  checked,  it  requires  three  or 
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four  days  to  produce  a  &tal  result.  A  fatal  result,  however,  is  cer- 
tain to  follow,  at  the  end  of  a  longer  or  shorter  time,  if  any  one  of 
these  Bubatances  be  compelled  to  remain  in  the  body,  and  accumu- 
late in  the  animal  tissues  and  fluids. 

The  principal  ezcrementitious  substances  known  to  exist  in  the 
human  body  are  as  follows; — 

1.  Carbooio  kold CO, 

2.  Ura* C.H,K,0, 

3.  CiMtloe CiH^jO^ 

4.  CrMtlDlns C,H,N,0, 

5.  UrmUt  or  loda NaO,C,BN,O^HO 

6.  Urate  of  potuM        ....  KO,CtHH,0, 

7.  Urate  or  uniiiaiila     ....  KB«0,2C.HN,0,+H0 

The  physiological  relations  of  carbonic  acid  have  already  been 
studied,  at  sufficient  length,  in  the  preceding  chapters. 

The  remaining  excrementitioos  substances  may  be  examined 
together  with  the  more  propriety,  since  they  are  all  ingredients  of 
a  single  excretory  fluid,  viz.,  the  urine. 


Ursa. — This  is  a  neutral,  crystallizable,  nitrogenous  substance, 
very  readily  soluble  in  water,  and  easily  decomposed  by  varioua 
external  influences.    It  occurs 

in  the  urine  in  the  proportion  Kg-  HI- 

of  SO  parts  per  thousand ;  in 
the  blood,  according  to  Picard,^ 
in  the  proportion  of  0.16  per 
thousand.  The  blood,  how- 
ever, is  the  source  from  which 
this  substance  is  supplied  to 
the  urine;  and  it  exists,  ac- 
cordingly, in  but  small  quan- 
tity in  the  circulating  fluid,  for 
the  reason  that  it  is  constantly 
drained  off  by  the  kidneys. 
But  if  the  kidneys  be  extir- 
pated, or  the  renal  arteries  tied, 
or  the  excretion  of  urine  sus- 
pended by  inflammation  or  otherwise,  the  urea  then  accumulates  in 
the  blood,  and  presents  itself  there  in  considerable  quantity.  It  has 
been  found  iu  the  blood,  under  these  circumstances,  in  the  propor- 


■  la  Uilce  Edward*,  Lt-tons  ear  U  nirs:o1agle,  &o.,  toI.  i.  p.  297. 
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tion  of  1.4  per  thousand.'  It  is  not  yet  known  from  what  source 
the  urea  is  originally  derived ;  whether  it  be  produced  in  the  blood 
itself,  or  whether  it  is  formed  in  some  of  the  solid  tissues,  and  thence 
taken  up  by  the  blood.  It  has  not  yet  been  found,  however,  in  any 
of  the  solid  tissues,  in  a  state  of  health. 

Urea  is  obtained  most  readily  from  the  urine.  For  this  purpose 
the  fresh  urine  is  evaporated  in  the  water  bath  until  it  has  a  syrupy 
consistency.  It  is  then  mixed  with  an  equal  volume  of  nitric  acid, 
which  forms  nitrate  of  urea.  This  salt,  being  less  soluble  than  pure 
urea,  rapidly  crystallises,  after  which  it  is  separated  by  filtration 
from  the  other  ingredients.  It  is  then  dissolved  in  water  and  decom- 
posed by  carbonate  of  lead,  forming  nitrate  of  lead  which  remains 
in  solution,  and  carbonic  acid  which  escapes.  The  solution  is  then 
evaporated,  the  urea  dissolved  out  by  alcohol,  and  finally  crystal- 
lized in  a  pure  state. 

Urea  has  no  tendency  to  spontaneous  decomposition,  and  may 
be  kept,  when  perfectly  pure,  in  a  dry  state  or  dissolved  in  water, 
for  an  indefinite  length  of  time.  If  the  watery  solution  be  boiled, 
however,  the  urea  is  converted,  during  the  process  of  ebullition, 
into  carbonate  of  ammonia.  One  equivalent  of  urea  unites  with 
two  equivalents  of  water,  and  becomes  transformed  into  two  equiva- 
lents of  carbonate  of  ammonia,  as  follows : — 

CiH^NgOgasUrea.  NHgjCOgssCarbonate  of  ammonU. 

Hg    OgsWater.  2 

C,H,N,0,  N,HeC,0, 

Various  impurities,  also,  by  acting  as  catalytic  bodies,  will  in- 
duce the  same  change,  if  water  be  present.  Animal  substances  in 
a  state  of  commencing  decomposition  are  particularly  liable  to  act 
in  this  way.  In  order  that  the  conversion  of  the  urea  be  thus  pro- 
duced, it  is  necessary  that  the  temperature  of  the  mixture  be  not 
far  from  70°  to  100°  F. 

The  quantity  of  urea  produced  and  discharged  daily  by  a  healthy 
adult  is,  according  to  the  experiments  of  Lehmann,  about  500 
grains.  It  varies  to  some  extent,  like  all  the  other  secreted  and 
excreted  products,  with  the  size  and  development  of  the  body. 
Lehmann,  in  experiments  on  his  own  person,  found  the  average 
daily  quantity  to  be  487  grains.  Prof.  William  A.  Hammond,* 
who  is  a  very  large  man,  by  similar  experiments  found  it  to  be 

I  Robin  and  Verdeil,  vol.  ii.  p.  502. 

■  American  Journal  Med  Sci ,  Jan.,  1865,  and  April,  1866. 
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670  grains.  Dr.  John  C.  Draper*  found  it  408  grains.  No  urea  is 
to  be  detected  in  the  urine  of  very  young  children  ;•  but  it  soon 
makes  its  appearance,  and  afterward  increases  in  quantity  with  the 
development  of  the  body. 

The  daily  quantity  of  urea  varies  also  with  the  degree  of  mental 
and  bodily  activity.  Lehmann  and  Hammond  both  found  it  very 
sensibly  increased  by  muscular  exertion  and  diminished  by  repose. 
It  has  been  thought^  from  these  facts,  that  this  substance  must  be 
directly  produced  from  disintegration  of  the  muscular  tissue.  This, 
however,  is  by  no  means  certain ;  since  in  a  state  of  general  bodily 
activity  it  is  not  only  the  urea,  but  the  excretions  generally,  carbonic 
acid,  perspiration,  &c.,  which  are  increased  in  quantity  simultane- 
ously. Hammond  has  also  shown  that  continued  mental  applica- 
tion will  raise  the  quantity' of  urea  above  its  normal  standard, 
though  the  muscular  system  remain  comparatively  inactive. 

The  quantity  of  urea  varies  also  with  the  nature  of  the  food. 
Lehmann,  by  experiments  on  his  own  person,  found  that  the  quan- 
tity was  larger  while  living  exclusively  on  animal  food  than  with 
a  mixed  or  vegetable  diet ;  and  that  its  quantity  was  smallest  when 
confined  to  a  diet  of  purely  non-nitrogenous  substances,  as  starch, 
sugar,  and  oil.  The  following  table'  gives  the  result  of  these  ex- 
periments. 

KiHD  OP  Food.  Daily  Quaittitt  op  Uhka* 

Animftl        ...•••..  798  graixis. 

Mixed 487      << 

Vegeteble 337     " 

Non-nitrogenoiifl 231      " 

Finally,  it  has  been  shown  by  Dr.  John  C.  Draper*  that  there  is 
also  a  diurnal  variation  in  the  normal  quantity  of  urea.  A  smaller 
quantity  is  produced  during  the  night  than  during  the  day ;  and 
this  difference  exists  even  in  patients  who  are  confined  to  the  bed 
during  the  whole  twenty-four  hours,  as  in  the  case  of  a  man  under 
treatment  for  fracture  of  the  leg.  This  is  probably  owing  to  the 
greater  activity,  during  the  waking  hours,  of  both  the  mental  and 
digestive  ftmctions.  More  urea  is  produced  in  the  latter  half  than 
in  the  earlier  half  of  the  day ;  and  the  greatest  quantity  is  dis- 
charged during  the  four  hours  from  6J  to  lOJ  P.  M. 

Urea  exists  in  the  urine  of  the  carnivorous  and  many  of  the 

*  New  York  Journal  of  Medicine.  March,  1856. 

«  Robin  and^Verdeil,  vol.  il.  p.  500. 

'  Lehmann,  op.  cit.,  vol.  ii.  p.  1(>3.  ^  Loo.  oit. 
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herbivorous  quadrupeds ;  but  there  is  little  or  none  to  be  found  j| 
that  of  birds  and  reptiles.' 

Cbkatise. — This  is  a  neutral  crystallizable  substance,  found  ^ 
the  muscles,  the  blood,  and  tbe  mine.     It  13  soluble  m  wuter,  verjl 
slightly  soluble  in  alcohol,  a 
^B- 112.  not  at  all  so  in  ether.     By 

ing  with  an  alkali,  it  is  eill 
converted  into  carbonic 
and  ammonia,  or  is  decompi 
with  the  production  of  urea 
an  artificial  nitrogenous  ci 
tallizable  substance,  termed 
cosine.  By  being  heated 
strong  acids,  it  loses  two  equi' 
lents  of  water,  and  is  convf 
into  the  substance  next  to 
described,  viz.,  creatinine. 

Creatine  exists  in  tbe  tuioe, 
in  the  human  subject,  in  the 
proportion  of  about  1.25  parts, 
and  in  the  muscles  in  the  proportion  of  0,67  parts  per  thousand. 
Its  quantity  in  the  blood  has  not  been  determined.  In  the  muscu- 
lar tissue  it  is  simply  in  solution  in  the  interstitial  fluid  of  the  parts, 
so  that  it  may  be  extracted  by  simply  cutting  the  muscle  into 
small  pieces,  treating  it  with  distilled  water,  and  subjecting  it  to 
Creatine    evideatln 


Fig.  113. 


originates  in  the  muscu 
sue,  is  absorbed  thence  by 
blood,  and  is  finally  dischar| 
with  the  urine. 


Creatinine. — This  is  also  a 
crystallizable  substance.  It  dif- 
fers in  composition  from  crea- 
tine by  containing  two  equiva- 
lents less  of  the  elements  of 
water.  It  is  more  soluble  in 
water  and  in  spirit  than  crea- 
tine, and  dissolves  slightly  also 
in  ether.      It   has  a  distinctjt 
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alkaline  reaction.  It  occurs,  like  creatine,  in  the  muscles,  the  blood, 
and  the  urine ;  and  is  undoubtedly  first  produced  in  the  muscular 
tissue,  to  be  discharged  finally  by  the  kidneys.  It  is  very  possible 
that  it  originates,  not  directly  from  the  muscles,  but  indirectly,  by 
transformation  of  a  part  of  the  creatine ;  since  it  may  be  artificially 
produced,  as  we  have  already  mentioned,  by  transformation  of  the 
latter  substance  under  the  influence  of  strong  acids,  and  since,  fur- 
thermore, while  creatine  is  more  abundant  in  the  muscles  than 
creatinine,  in  the  urine,  on  the  contrary,  there  is  a  larger  quantity 
of  creatinine  than  of  creatine.  Both  these  substances  have  been 
found  in  the  muscles, and  in  the  urine  of  the  lower  animals. 

Ubate  of  Soda. — ^As  its  name  implies,  this  substance  is  a  neu- 
tral salt,  formed  by  the  union  of  soda,  as  a  base,  with  a  nitrogenous 
animal  add,  viz.,  uric  add  (C,HN,OyHO).  Uric  acid  is  sometimes 
spoken  of  as  though  it  were  itself  a  proximate  principle,  and  a 
constituent  of  the  urine;  but  it  cannot  properly  be  regarded  as 
such,  since  it  never  occurs  in  a  free  state,  in  a  natural  condition  of 
the  fluids.  When  present,  it  has  always  been  produced  by  decom- 
position of  the  urate  of 'soda.  * 

Urate  of  soda  is  readily  soluble  in  hot  water,  from  which  a  large 
portion  again  deposits  on  cooling.    It  is  slightly  soluble  in  alcohol, 
and  insoluble  in   ether.    It 
crystallizes  in  small  globu-  Fig*  114. 

lar  masses,  with  projecting, 
curved,  conical,  wart-like 
excrescences.  (Fig.  114.)  It 
dissolves  readily  in  the  alka- 
lies ;  and  by  most  acid  solu- 
tions it  is  decomposed,  with 
the  production  of  free  uric 
acid. 

Urate  of  soda  exists  in 
the  urine  and  in  the  blood. 
It  is  either  produced  origin- 
ally in  the  blood,  or  is  formed 
in  some  of  the  solid  tissues, 
and  absorbed  from  them  by 
the  circulating  fluid.    It  is 

constantly  eliminated  by  the  kidneys,  in  company  with  the  other 
ingredients  of  the  urine.    The  average  daily  quantity  of  urate  of 


Urats  of  Soda;  from  an  rinarjdepoiit. 
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8oda  discharged  by  the  healthy  human  subject  is,  according  to 
Lehmann,  about  25  grains.  This  substance  exists  in  the  urine  of 
the  carnivorous  and  omnivorous  animals,  but  not  in  that  of  the  her- 
bivora.  In  the  latter,  it  is  replaced  by  another  substance,  differing 
somewhat  from  it  in  composition  and  properties,  viz.,  hippurate 
of  soda.  The  urine  of  herbivora,  however,  while  still  very  young, 
and  living  upon  the  milk  of  the  mother,  has  been  found  to  contain 
urates.  But  when  the  young  animal  is  weaned,  and  becomes  her- 
bivorous, the  urate  of  soda  disappears,  and  is  replaced  by  the  hip- 
purate.       /  .*'/    .'^'  /      • 

Urates  op  Potassa  and  Ammonia. — The  uraies  of  potassa  and 
ammonia  resemble  the  preceding  salt  very  closely  in  their  physio- 
logical relations.  They  are  formed  in  very  much  smaller  quantity 
than  the  urate  of  soda,  and  appear  like  it  as  ingredients  of  the  urine. 

The  substances  above  enumerated  closely  resemble  each  other  in 
their  most  striking  and  important  characters.  They  all  contain 
nitrogen,  are  all  cry  stall  izable,  and  all  readily  soluble  in  water. 
They  all  originate  in  the  interior  of  the  body  by  the  decomposition 
or  catalytic  transformation  of  its  organic  ingredients,  and  are  all 
conveyed  by  the  blood  to  the  kidneys,  to  be  finally  expelled  with 
the  urine.  These  are  the  substances  which  represent,  to  a  great 
extent,  the  final  transformation  of  the  organic  or  albuminoid  in- 
gredients of  the  tissues.  It  has  already  been  mentioned,  in  a  pre- 
vious chapter,  that  these  organic  or  albuminoid  substances  are  not 
discharged  from  the  body,  under  their  own  form,  in  quantity  at  all 
proportionate  to  the  abundance  with  which  they  are  introduced. 
By  far  the  greater  part  of  the  mass  of  the  frame  is  made  up  of 
organic  substances:  albumen,  musculine,  osteine,  &c.  Similar 
materials  are  taken  daily  in  large  quantity  with  the  food,  in  order 
to  supply  the  nutrition  and  waste  of  those  already  composing  the 
tissues;  and  yet  only  a  very  insignificant  quantity  of  similar 
material  is  expelled  with  the  excretions.  A  minute  proportion  of 
volatile  animal  matter  is  exhaled  with  the  breath,  and  a  minute 
proportion  also  with  the  perspiration.  A  very  small  quantity  is 
discharged  under  the  form  of  mucus  and  coloring  matter,  with  the 
urine  and  feces ;  but  all  these  taken  together  are  entirely  insuffi- 
cient to  account  for  the  constant  and  rapid  disappearance  of  organic 
matters  in  the  interior  of  the  body.  These  matters,  in  fact,  before 
being  discharged,  are  converted  by  catalysis  and  decomposition  into 
new  substances.     Carbonic  acid,  under  which  form  3500  grains  of 
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carbon  are  daily  expelled  from  the  body,  is  one  of  these  substances ; 
the  others  are  urea,  creatine,  creatinine,  and  the  urates. 

We  see,  then,  in  what  way  the  organic  matters,  in  ceasing  to  form 
a  p^rt  of  the  living  body,  lose  their  characteristic  properties,  and 
are  converted  into  crystallizable  substances,  of  definite  chemical 
composition.  It  is  a  kind  of  retrograde  metamorphosis,  by  which 
they  return  more  or  less  to  the  condition  of  ordinary  inorganic 
materials.  These  excrementitious  matters  are  themselves  decom- 
posed, after  being  expelled  from  the  body,  under  the  influence  of  / 
the  atmospheric  air  and  moisture ;  so  that  the  decomposition  and 
destruction  of  the  organic  substances  are  at  last  complete. 

It  will  be  seen,  consequently,  that  the  urine  has  a  character 
altogether  peculiar,  and  one  which  distinguishes  it  completely 
from  every  other  animal  fluid.  All  the  others  are  either  nutritive 
fluids,  like  the  blood  and  milk,  or  are  destined,  like  the  secretions 
generally,  to  take  some  direct  and  essential  part  in  the  vital  opera- 
tions. Many  of  them,  like  the  gastric  and  pancreatic  juices,  are 
reabsorbed  after  they  have  done  their  work,  and  again  enter  the 
current  of  the  circulation.  But  the  urine  is  merely  a  solution  of 
excrementitious  substances.  Its  materials  exist  beforehand  in  the 
circulation,  and  are  simply  drained  away  by  the  kidneys  from 
the  blood.  There  is  a  wide  difference,  accordingly,  between  the 
action  of  the  kidneys  and  that  of  the  true  glandular  organs,  in 
which  certain  new  and  peculiar  substances  are  produced  by  the 
action  of  the  glandular  tissue.  The  kidneys,  on  the  contrary,  do 
not  secrete  anything,  properly  speaking,  and  are  not,  therefore, 
glands.  In  their  mode  of  action,  so  far  as  regards  the  excretory  I 
function,  they  have  more  resemblance  to  the  lungs  than  to  any  ' 
other  of  the  internal  organs.  But  this  resemblance  is  not  complete ; 
since  the  lungs  perform  a  double  function,  absorbing  oxygen  at  the 
same  time  that  they  exhale  carbonic  acid.  The  kidneys  alone  are 
purely  excretory  in  their  office.  The  urine  is  not  intended  to 
fulfil  any  function,  mechanical,  chemical,  or  otherwise ;  but  is  des- 
tined only  to  be  eliminated  and  expelled.  Since  it  possesses  so 
peculiar  and  important  a  character,  it  will  require  to  be  carefully 
studied  in  detail. 

The  urine  is  a  clear,  watery,  amber-colored  fluid,  with  a  distinct 
acid  reaction.  It  has,  while  still  warm,  a  peculiar  odor,  which  dis- 
appears more  or  less  completely  on  cooling,  and  returns  when  the 
urine  is  gently  heated.  The  ordinary  quantity  of  urine  discharged 
daily  by  a  healthy  adult  is  about  3xxxv,  and  its  mean  specific 
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gravity,  1024.  Both  its  total  quantity,  however,  and  its  mean 
specific  gravity  are  liable  to  vary  somewhat  from  day  to  day,  owing 
to  the  different  proportions  of  water  and  solid  ingredients  entering 
into  its  constitution.  Ordinarily  the  water  of  the  urine  is  i^ore 
than  sufficient  to  hold  all  the  solid  matters  in  solution ;  and  its  pro- 
portion may  therefore  be  diminished  by  accidental  causes  without 
the  urine  becoming  turbid  by  the  formation  of  a  deposit.  Under 
such  circumstances,  it  merely  becomes  deeper  in  color,  and  of  a 
higher  specific  gravity.  Thus,  if  a  smaller  quantity  of  water  than 
usual  be  taken  into  the  system  with  the  drink,  or  if  the  fiuid  ex- 
halations from  the  lungs  and  skin,  or  the  intestinal  discharges,  be 
increased,  a  smaller  quantity  of  water  will  necessarily  pass  oflf  by 
the  kidneys ;  and  the  urine  will  be  diminished  in  quantity,  while  its 
specific  gravity  is  increased.  We  have  observed  the  urine  to  be 
reduced  in  this  way  to  eighteen  or  twenty  ounces  per  day,  its  specific 
gravity  rising  at  the  same  time  to  1030.  On  the  other  hand,  if  the 
fluid  ingesta  be  unusually  abundant,  or  if  the  perspiration  be  dimi- 
nished, the  surplus  quantity  of  water  will  pass  ofi^by  the  kidneys;  so 
that  the  amount  of  urine  in  twenty-four  hours  may  be  increased  to 
forty-five  or  forty -six  ounces,  and  its  specific  gravity  reduced  at 
the  same  time  to  1020  or  even  1017.  Under  these  conditions  the 
total  amount  of  solid  matter  discharged  daily  remains  about  the 
same.  The  changes  above  mentioned  depend  simply  upon  the 
fluctuating  quantity  of  water,  which  may  pass  off  by  the  kidneys 
in  larger  or  smaller  quantity,  according  to  accidental  circumstances. 
In  these  purely  normal  or  physiological  variations,  therefore,  the 
entire  quantity  of  the  urine  and  its  mean  specific  gravity  vary 
always  iu  an  inverse  direction  with  regard  to  each  other ;  the  former 
increasing  while  the  latter  diminishes,  and  vice  versd.  If,  however,  it 
should  be  found  that  both  the  quantity  and  specific  gravity  of  the 
urine  were  increased  or  diminished  at  the  same  time,  or  if  either 
one  were  increased  or  diminished  while  the  other  remained  station- 
ary, such  an  alteration  would  show  an  actual  change  in  the  total 
amount  of  solid  ingredients,  and  would  indicate  an  unnatural  and 
pathological  condition.  This  actually  takes  place  in  certain  forms 
of  disease. 

The  amount  of  variation  in  the  quantity  of  water,  even,  may  be 
so  great  as  to  constitute  by  itself  a  pathological  condition.  Thus, 
in  hysterical  attacks  there  is  sometimes  a  very  abundant  flow  of 
limpid,  nearly  colorless  urine,  with  a  specific  gravity  not  over  1005 
or  1006.    On  the  other  hand,  in  the  onset  of  febrile  attacks,  the 
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quantity  of  water  is  often  so  much  diminished  that  it  is  no  longer 
sufficient  to  retain  in  solution  all  the  solid  ingredients  of  the  urine, 
and  the  urate  of  soda  is  thrown  down,  afler  cooling,  as  a  fine  red 
or  yellowish  sediment.  So  long,  however,  as  the  variation  is  con- 
fined within  strictly  physiological  limits,  all  the  solid  ingredients 
are  held  in  solution,  and  the  urine  remains  clear. 

There  is  also,  in  a  state  of  health,  a  diurnal  variation  of  the  urine, 
both  in  regard  to  its  specific  gravity  and  its  degree  of  acidity. 
The  urine  is  generally  discharged  from  the  bladder  five  or  six 
times  during  the  twenty-four  hours,  and  at  each  of  these  periods 
shows  more  or  less  variation  in  its  physical  characters.  We  have 
found  that  the  urine  which  collects  in  the  bladder  during  the 
night,  and  is  first  discharged  in  the  morning,  is  usually  dense, 
highly  colored,  of  a  strongly  acid  reaction,  and  a  high  specific 
gravity.  That  passed  during  the  forenoon  is  pale,  and  of  a  low 
specific  gravity,  sometimes  not  more  than  1018  or  even  1015.  It 
is  at  the  same  time  neutral  or  slightly  alkaline  in  reaction.  Toward 
the  middle  of  the  day,  its  density  and  depth  of  color  increase,  and 
its  acidity  returns.  All  these  properties  become  more  strongly 
marked  during  the  afternoon  and  evening,  and  toward  night  the 
urine  is  again  deeply  colored  and  strongly  acid,  and  has  a  specific 
gravity  of  1028  or  1030. 

The  following  instances  will  serve  to  show  the  general  characters 
of  this  variation : — 

OBSEBYATioir  FissT.     March  20th, 
Urine  of  1st  discharge,  acid,         sp.  gr.  1025. 
«     2d         "  alkaline,      "       1015. 

"     3d         "  neutral,        "      1018. 

"    4th        "  acid,  «      1018. 

"     6th        «  acid,  «      1027. 

Obsbbyattoit  Sboobd.     March  21st. 
Urine  of  1st  discharge,  acid,         sp.  gr.  1029. 
"2d         "  neutral,        "      1022. 

"3d         «  neutral,        «      1025. 

«     4th        "  acid,  "      1027. 

«     5th        "  acid,  «      1030. 

These  variations  do  not  always  follow  the  perfectly  regular 
course  manifested  in  the  above  instances,  since  they  are  somewhat 
liable,  as  we  have  already  mentioned,  to  temporary  modification 
from  accidental  causes  during  the  day ;  but  their  general  tendency 
nearly  always  corresponds  with  that  given  above. 

It  is  evident,  therefore,  that  whenever  we  wish  to  test  the  specific 
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gravity  and  acidity  of  the  urine  in  cases  of  disease,  it  will  not  be 
sufficient  to  examine  any  single  specimen  taken  at  random ;  but  all 
the  different  portions  discharged  during  the  day  should  be  collected 
and  examined  together.  Otherwise,  we  should  incur  the  risk  of 
regarding  as  a  permanently  morbid  symptom  what  might  be 
nothing  more  than  a  purely  accidental  and  temporary  variation. 

The  cftemical  constitution  of  the  urine  as  it  is  discharged  from  the 
bladder,  according  to  the  analyses  of  Berzelius,  LehmanU;  Becquerel, 
and  others,  is  as  follows : — 

COXFOBITION  OF  THE  UbHTI. 

Water 938.00 

Urea 30.00 

Creatine 1.25 

Creatinme 1.50 

Urate  of  soda         \ 

'*    potassa     >• 1.80 

"    ammonia ) 
Coloring  matter  and  ^  oa 

Mucns  / 

Biphosphate  of  soda 


12.45 


Phosphate  of  soda 

"  potassa 

*'  magnesia 

"  lime 

Chlorides  of  sodinm  and  potassium 7.80 

Sulphates  of  soda  and  potassa 6.90 


1000.00 

TVe  need  not  repeat  that  the  proportionate  quantity  of  these 
different  ingredients,  as  given  above,  is  not  absolute,  but  only 
approximative;  and  that  they  vary,  from  time  to  time,  within 
certain  physiological  limits,  like  the  ingredients  of  all  other  animal 
fluids. 

The  urea,  creatine,  creatinine  and  urates  have  all  been  suffi- 
ciently described  above.  The  mucus  and  coloring  matter,  unlike 
the  other  ingredients  of  the  urine,  belong  to  the  class  of  organic 
substances  proper.  They  are  both  present,  as  may  be  seen  by  the 
analysis  quoted  above,  in  a  very  small  quantity.  The  coloring 
matter,  or  urosacine,  is  in  solution  in  a  natural  condition  of  the 
urine,  but  it  is  apt  to  be  entangled  by  any  accidental  deposits  which 
may  be  thrown  down,  and  more  particularly  by  those  consisting  of 
the  urates.  These  deposits,  from  being  often  strongly  colored  red 
or  pink  by  the  urosacine  thus  thrown  down  with  them,  are  known 
under  the  name  of  "  brick-dust"  sediments. 

The  miLciLS  of  the  urine  comes  from  the  lining  membrane  of  the 
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nrinapy  bladder.  When  first  discharged  it  is  not  visible,  owing  to 
its  being  uniformly  disseminated  through  the  urine  by  mechanical 
agitation;  but  if  the  fluid  be  allowed  to  remain  at  rest  for  some 
hours  in  a  cylindrical  glass  vessel,  the  mucus  collects  at  the  bottom, 
and  may  then  be  seen  as  a  light  cottony  cloud,  interspersed  often 
with  minute  semi-opaque  points.  It  plays,  as  we  shall  hereafter 
see,  a  very  important  part  in  the  subsequent  fermentation  and 
decomposition  of  the  urine. 

Blphosphate  of  soda  exists  in  the  urine  by  direct  solution,  since  it  is 
readily  soluble  in  water.  It  is  this  salt  which  gives  to  the  urine  its 
acid  reaction,  as  there  is  no  free  acid  present,  in  the  recent  condition. 
It  is  probably  derived  from  the  neutral  phosphate  of  soda  in  the 
blood  which  is  decomposed  by  the  uric  Acid  at  the  time  of  its  form- 
ation ;  producing,  on  the  one  hand,  a  urate  of  soda,  and  converting 
a  part  of  the  neutral  phosphate  of  soda  into  the  acid  biphosphate. 

The  phosphates  of  lime  and  magnesia,  or  the  "  earthy  phosphates," 
as  they  are  called,  exist  in  the  urine  by  indirect  solution.  Though 
insoluble,  or  very  nearly  so,  in  pure  water,  they  are  held  in  solu- 
tion in  the  urine  by  the  acid  phosphate  of  soda,  above  described. 
They  are  derived  from  the  blood,  in  which  they  exist  in  considera- 
ble quantity.  When  the  urine  is  alkaline,  these  phosphates  are 
deposited  as  a  light-colored  precipitate,  and  thus  communicate  a 
turbid  appearance  to  the  fluid.  When  the  urine  is  neutral,  they 
may  still  be  held  in  solution,  to  some  extent,  by  the  chloride  of 
sodium,  which  has  the  property  of  dissolving  a  small  quantity  of 
phosphate  of  lime. 

The  remaining  ingredients,  phosphates  of  soda  and  potassa,  sul- 
phates and  chlorides,  are  all  derived  from  the  blood,  and  are  held 
directly  in  solution  by  the  water  of  the  urine. 

The  urine,  constituted  by  the  above  ingredients,  forms,  as  we 
have  already  described,  a  clear  amber-qplored  fluid,  with  a  reaction 
for  the  most  part  distinctly  acid,  sometimes  neutral,  and  occasion- 
ally slightly  alkaline.  In  its  healthy  condition  it  is  affected  by 
chemical  and  physical  reagents  in  the  following  manner. 

Boiling  the  urine  does  not  produce  any  visible  change,  provided 
its  reaction  be  acid.  If  it  be  neutral  or  alkaline,  and  if,  at  the  same 
time,  it  contain  a  larger  quantity  than  usual  of  the  earthy  phos- 
phates, it  will  become  turbid  on  boiling;  since  these  salts  are  less 
soluble  at  a  high  than  at  a  low  temperature. 

The  addition  of  nitric  or  other  mineral  acid  produces  at  first  only 
23 
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a  slight  darkening  of  the  color,  owing  to  the  action  of  the  acid  upon 
the  organic  coloring  matter  of  the  urine.  If  the  mixture,  however, 
be  allowed  to  stand  for  some  time,  the  urates  of  soda,  potassa,  &c., 
will  be  decomposed,  and  pure  uric  acid,  which  is  very  insoluble, 
^vill  be  deposited  in  a  crystalline  form  upon  the  sides  and  bottom 
of  the  glass  vessel.  The  crystals  of  uric  acid  have  most  frequently 
the  form  of  transparent  rhomboidal  plates,  or  oval  laminae  with 
pointed  extremities.  They  are  usually  tinged  of  a  yellowish  hue 
by  the  coloring  matter  of  the  urine  which  is  united  with  them 
at  the  time  of  their  deposit.  They  are  frequently  arranged  in 
radiated  clusters,  or  small  spheroidal  masses,  so  as  to  present  the 

appearance  of  minute  calcu- 
^*'s-  ^^5-  lous  concretions.    (Fig.  115.) 

The  crystals  vary  very  much 
in  size  and  regularity,  ac- 
cording to  the  time  occupied 
in  their  formation. 

If  a  free  alkali,  such  as 
potassa  or  soda,  be  added  to 
the  urine  so  as  to  neutralize 
it^  acid  reaction,  it  becomes 
immediately  turbid  from  a 
deposit  of  the  earthy  phos- 
phates, which  are  insoluble 
in  alkaline  fluids. 

The  addition  of  nitrate  of 
baryta,   chloride  of   barium 
or  subacetate  of  lead  to  healthy  urine,  produces  a  dense  precipi- 
tate, owing  to  the  presence  of  the  alkaline  sulphates. 

Nitrate  of  silver  produces  a  precipitate  with  the  chlorides  of 
sodium  and  potassium. 

Subacetate  of  lead  and  nitrate  of  silver  precipitate  also  the  or- 
ganic substances,  mucus  and  coloring  matter,  present  in  the  urine. 
All  the  above  reactions,  it  will  be  seen,  are  owing  to  the  presence 
of  the  natural  ingredients  of  the  urine,  and  do  not,  therefore,  indi- 
cate any  abnormal  condition  of  the  excretion. 

Beside  the  properties  mentioned  above,  the  urine  has  several 
others  which  are  of  some  importance,  and  which  have  not  been 
usually  noticed  in  previous  descriptions.  It  contains,  among  other 
ingredients,  certain  organic  substances  which  have  the  power  of 
interfering  with  the  mutual  reaction  of  starch  and  iodine,  and  even 


Uric  Acid;  depotited  from  arine. 


BEACTIOXS   OF  THE   URINB.  855 

of  decomposing  the  iodide  of  starch,  after  it  has  once  been  formed. 
This  peculiar  action  of  the  urine  was  first  noticed  and  described 
by  us  in  1856.*  If  3j  of  iodine  water  be  mixed  with  a  solution 
of  starch,  it  strikes  an  opaque  blue  color ;  but  if  3j  of  fresh  urine 
be  afterward  added  to  the  mixture,  the  color  is  entirely  destroyed 
at  the  end  of  four  or  five  seconds.  If  fresh  urine  be  mixed  with 
four  or  five  times  its  volume  of  iodine  water,  and  starch  be 
subsequently  added,  no  union  takes  place  between  the  starch  and 
iodine,  and  no  blue  color  is  produced.  In  these  instances,  the  iodine 
unites  with  the  animal  matters  of  the  urine  in  preference  to  com- 
bining with  the  starch,  and  is  consequently  prevented  from  striking 
its  ordinary  blue  color  with  the  latter.  This  interference  occurs 
whether  the  urine  be  acid  or  alkaline  in  reaction.  In  all  cases  in 
which  iodine  exists  in  the  urine,  as  for  example  where  it  has  been 
administered  as  a  medicine,  it  is  under  the  form  of  an  organic  com- 
bination ;  and  in  order  to  detect  its  presence  by  means  of  starch,  a 
few  drops  of  nitric  acid  must  be  added  at  the  same  time,  so  as  to 
destroy  the  organic  matters,  after  which  the  blue  color  immediately 
appears,  if  iodine  be  present.  This  reaction  with  starch  and  iodine 
belongs  also,  to  some  extent  to  most  of  the  other  animal  fluids,  as 
the  saliva,  gastric  and  pancreatic  juices,  serum  of  the  blood,  &c.; 
but  it  is  most  strongly  marked  in  the  urine. 

Another  remarkable  property  of  the  urine,  also  dependent  on  its 
organic  ingredients,  is  that  of  interfering  with  Trommer's  test  for 
grape  sugar.  If  clarified  honey  be  mixed  with  fresh  urine,  and  sul- 
phate of  copper  with  an  excess  of  potassa  be  afterward  added,  the 
mixture  takes  a  dingy,  grayish-blue  color.  On  boiling,  the  color 
turns  yellowish  or  yellowish-brown,  but  the  suboxide  of  copper  is 
not  deposited.  In  order  to  remove  the  organic  matter  and  detect 
the  sugar,  the  urine  must  be  first  treated  with  an  excess  of  animal 
charcoal  and  filtered.  By  this  means  the  organic  substances  are 
retained  upon  the  filter,  while  the  sugar  passes  through  in  solution, 
and  may  then  be  detected  as  usual  by  Troramer's  test 

AcaDENTAL  Ingredients  of  the  Urine. — Since  the  urine,  in 
its  natural  state,  consists  of  materials  which  are  already  prepared  in 
the  blood,  and  which  merely  pass  out  through  the  kidneys  by  a 
kind  of  filtration,  it  is  not  surprising  that  most  medicinal  and 
poisonous  substances,  introduced  into  the  circulation,  should  be 
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expelled  from  the  body  by  the  same  channel.  Those  substances 
which  tend  to  unite  strongly  with  the  animal  matters,  and  to  form 
with  them  insoluble  compounds,  such  as  the  preparations  of  iron, 
lead,  silver,  arsenic,  mercury,  &c^  are  least  liable  to  appear  in  the 
urine.  They  may  occasionally  be  detected  in  this  fluid  when  they 
have  been  given  in  large  doses,  but  when  administered  in  moderate 
quantity  are  not  usually  to  be  found  there.  Most  other  substances, 
however,  accidentally  present  in  the  circulation,  pass  off  readily  by 
the  kidneys,  either  in  their  original  form,  or  after  undergoing  cer- 
tain chemical  modifications. 

The  salts  of  the  organic  acids,  such  as  lactates,  acetates,  malcUes, 
&c.,  of  soda  and  potassa,  when  introduced  into  the  circulation,  are 
replaced  by  the  carbonates  of  the  same  bases,  and  appear  under 
that  form  in  the  urine.  The  urine  accordingly  becomes  alkahne 
from  the  presence  of  the  carbonates,  whenever  the  above  salts  have 
been  taken  in  large  quantity,  or  after  the  ingestion  of  fruits  and 
vegetables  which  contain  them.  We  have  already  spoken  (Chap.  II.) 
of  the  experiments  of  Lehmann,  in  which  he  found  the  urine  exhi- 
biting an  alkaline  reaction,  a  very  few  minutes  after  the  administra- 
tion of  lactates  and  acetates.  In  one  instance,  by  experimentin^g 
upon  a  person  with  congenital  extroversion  of  the  bladder,  in  whom 
the  orifices  of  the  ureters  were  exposed,*  he  found  that  the  urine 
became  alkaline  in  the  course  of  seven  minutes  after  the  ingestion 
of  half  an  ounce  of  acetate  of  potassa. 

The  prire  alkalies  and  their  carbonates,  according  to  the  same  ob- 
server, produce  a  similar  effect.  Bicarbonate  of  potassa,  for  example, 
administered  in  doses  of  two  or  three  drachms,  causes  the  uriuo 
to  become  neutral  in  from  thirty  to  forty-five  minutes,  and  alkaline 
in  the  course  of  an  hour.  It  is  in  this  way  that  certain  "anti-cal- 
culous"  or  '*  anti-litbic''  nostrums  operate,  when  given  with  a  view 
of  dissolving  concretions  in  the  bladder.  These  remedies,  which 
are  usually  strongly  alkaline,  pass  into  the  urine,  and  by  giving  it 
an  alkaline  reaction,  produce  a  precipitation  of  the  earthy  phos- 
phates. Such  a  precipitate,  however,  so  far  from  indicating  the 
successful  disintegration  and  discharge  of  the  calculus,  can  only 
tend  to  increase  its  size  by  additional  deposit. 

Ferrocyanide  of  potassittm,  when  introduced  into  the  circulation, 
appears  readily  in  the  urine.     Bernard*  observed  that  a  solution  of 

'  Physiological  Chemisty,  vol.  ii.  p.  133. 

'  Lt><;ons  de  Phy^iolocie  Experiment  Ale,  1S56,  p.  111. 
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this  salty  after  being  injected  into  the  duct  of  the  submaxillary 
gland,  could  be  detected  in  the  urine  at  the  end  of  twenty  minutes. 

Iodine,  in  all  its  combinations,  passes  out  by  the  same  channel. 
We  have  found  that  after  the  administration  of  half  a  drachm  of 
the  syrup  of  iodide  of  iron,  iodine  appears  in  the  urine  at  the  end 
of  thirty  minutes,  and  continues  to  be  present  for  nearly  twenty- 
four  hours.  In  the  case  of  two  patients  who  had  been  taking  iodide 
of  potassium  freely,  one  of  them  for  two  months,  the  other  for  six 
weeks,  the  urine  still  <K)ntained  iodine  at  the  end  of  three  days 
after  the  suspension  of  the  medicine.  In  three  days  and  a  half, 
however,  it  was  no  longer  to  be  detected.  Iodine  appears  also, 
after  being  introduced  into  the  circulation,  both  in  the  saliva  and 
the  perspiration. 

Quinine,  when  taken  as  a  remedy,  has  also  been  detected  in  the 
urine.  Bther  passes  out  of  the  circulation  in  the  same  way.  We 
have  observed  the  odor  of  this  substance  very  perceptibly  in  the 
urine,  after  it  had  been  inhaled  for  the  purpose  of  producing  ana^- 
thesia.  The  bik-pigmerU  passes  into  the  urine  in  great  abundance 
in  some  cases  of  jaundice,  so  that  the  urine  may  have  a  deep  yellow 
of  yellowish  brown  tinge,  and  may  even  stain  linen  clothes,  with 
which  it  comes  in  contact,  of  a  similar  color.  The  saline  biliary 
substances,  viz.,  glyko-cholate  and  tauro-cholate  of  soda,  have  occa- 
sionally, according  to  Lehmann,  been  also  found  in  the  urine.  In 
these  instances  the  biliary  matters  are  reabsorbed  from  the  hepatic 
ducts,  and  afterward  conveyed  by  the  blood  to  the  kidneys. 

Sugar. — When  sugar  exists  in  unnatural  quantity  in  the  blood, 
it  passes  out  with  the  urine.  We  have  repeatedly  found  that  if 
sugar  be  artificiAlly  introcTuced  into  the  circulation  in  rabbits,  or 
injected  into  the  subcutaneous  areolar  tissue  so  as  to  be  absorbed  by 
the  blood,  it  is  soon  discharged  by  the  kidneys.  It  has  been  shown 
by  Bernard'  that  the  rapidity  with  which  this  substance  appears  in 
the  urine  under  these  circumstances  varies  with  the  quantity  in- 
jected and  the  kind  of  sugar  used  for  the  experiment.  If  a  solution 
of  16  grains  of  glucose  be  injected  into  the  areolar  tissue  of  a  rabbit 
weighing  a  little  over  two  pounds,  it  is  entirely  destroyed  in  the 
circulation,  and  does  not  pass  out  with  the  urine.  A  dose  of  28 
grains,  however,  injected  in  the  same  way,  appears  in  the  urine  at 
the  end  of  two  hours,  80  grains  in  an  hour  and  a  half,  88  grains  in 
an  hour,  and  188  grains  in  fifteen  minutes.    Again,  the  kind  of 

I  Le.onsde  Phys.  Exp.,  1855,  p.  214  et  ieq. 
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sugar  used  makes  a  difference  in  this  respect.  For  while  15  grains 
of  glucose  may  be  injected  without  passing  out  by  the  kidneys, 
7^  grains  of  cane  sugar,  introduced  in  the  same  way,  fail  to  be  com- 
pletely destroyed  in  the  circulation,  and  may  be  detected  in  the 
urine.  In  certain  forms  of  disease  (diabetes),  where  sugar  accu- 
mulates in  the  blood,  it  is  eliminated  by  the  same  channel ;  and  a 
saccharine  condition  of  the  urine,  accompanied  by  an  increase  in 
its  quantity  and  specific  gravity,  constitutes  the  most  characteristic 
feature  of  the  disease. 

Finally,  albumen  sometimes  shows  itself  in  the  urine  in  conse- 
quence of  various  morbid  conditions.  Most  acute  inflammations 
of  the  internal  organs,  as  pneumonia,  pleurisy,  &c.,  are  liable  to  be 
accompanied,  at  their  outset,  by  a  congestion  of  the  kidneys,  which 
produces  a  temporary  exudation  of  the  albuminous  elements  of  the 
blood.  Albumen  has  been  found  in  the  urine,  according  to  Simon, 
Becquerel,  and  others,  in  pericarditis,  pneumonia,  pleurisy,  bron- 
chitis, hepatitis,  inflammation  of  the  brain,  peritonitis,  metritis,  &c 
We  have  observed  it,  as  a  temporary  condition,  in  pneumonia  and 
after  amputation  of  the  thigh.  Albuminous  turine  also  occurs  fre- 
quently in  pregnant  women,  and  in  those  affected  with  abdominal 
tumors,  where  the  pressure  upon  the  renal  veins  is  sufficient  to 
produce  passive  congestion  of  the  kidneys.  When  the  renal  con- 
gestion is  spontaneous  in  its  origin,  and  goes  on  to  produce  actual 
degeneration  of  the  tissue  of  the  kidneys,  as  in  Bright's  disease,  the 
same  symptom  occurs,  and  remains  as  a  permanent  condition.  In 
all  such  instances,  however,  as  the  above,  where  foreign  ingredients 
exist  in  the  urine,  these  substances  do  not  originate  in  the  kidneys 
themselves,  but  are  derived  from  the  blood,  in  the  same  manner  as 
the  natural  ingredients  of  the  excretion. 

Changes  in  the  Urine  during  Decomposition. — When  the 
urine  is  allowed  to  remain  exposed,  after  its  discharge,  at  ordinary 
temperatures,  it  becomes  decomposed,  after  a  time,  like  any  other 
animal  fluid ;  and  this  decomposition  is  characterized  by  certain 
changes  which  take  place  in  a  regular  order  of  succession,  as  fol- 
lows : — 

After  a  few  hours  of  repose,  the  mucus  of  the  urine,  as  we  have 
mentioned  above,  collects  near  the  bottom  of  the  vessel  as  a  light, 
nearly  transparent,  cloudy  layer.  This  mucus,  being  an  organic 
substance,  is  liable  to  putrefaction ;  and  if  the  temperature  to  which 
it  is  exposed  be  between  60°  and  100°  F.,  it  soon  becomes  altered, 
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and  communicates  these  alterations  more  or  less  rapidly  to  the  super 
natant  fluid.  The  first  of  these  changes  is  called  the  acidfermenta 
iion  of  the  urinei  It  consists  in  the  production  of  a  free  acid,  usuall}' 
lactic  acid,  from  some  of  the  undetermined  animal  matters  con 
tained  in  the  excretion.  This  fermentation  takes  place  very  early ; 
within  the  first  twelve,  twenty-four,  or  forty-eight  hours,  according 
to  the  elevation  of  the  surrounding  temperature.  Perfectly  fresh 
urine,  as  we  have  already  stated,  contains  no  free  acid,  its  acid 
reaction  with  test  paper  being  dependent  entirely  on  the  presence 
of  biphosphate  of  soda.  Lactic  acid  nevertheless  has  been  so  fre- 
quently found  in  nearly  fresh  urine  as  to  lead  some  eminent 
chemists  (Berzelius,  Lehmann)  to  regard  it  as  a  natural  constituent 
of  the  excretion.  It  has  been  subsequently  found,  however,  that 
urine,  though  entirely  free  from  lactic  acid  when  first  passed,  may 
frequently  present  traces  of  this  substance  after  some  hours'  expo- 
sure to  the  air.  The  lactic  acid  is  undoubtedly  formed,  in  these 
cases,  by  the  decomposition  of  some  animal  substance  contained  in 
the  urine.  Its  production  in  this  way,  though  not  constant,  seems 
to  be  sufficiently  frequent  to  be  regarded  as  a  normal  process. 

In  consequence  of  the  presence  of  this  acid,  the  urates  are  par- 
tially decomposed ;  and  a  crystalline  deposit  of  free  uric  acid  slowly 
takes  place,  in  the  same  manner  as  if  a  little  nitric  or  muriatic  acid 
had  been  artificially  mixed  with  the  urine.  It  is  for  this  reason 
that  urine  which  is  abundant  in  the  urates  frequently  shows  a  de- 
posit of  crystallized  uric  acid  some  hours  after  it  has  been  passed, 
though  it  may  have  been  perfectly  free  from  deposit  at  the  time 
of  its  emission. 

During  the  period  of  the  "  acid  fermentation,"  there  is  reason  to 
believe  that  oxalip  acid  is  also  sometimes  produced,  in  a  similar 
manner  with  tjie  lactic.  It  is  very  certain  that  the  deposit  of  oxa- 
late of  lime,  far  from  \)eing  a  dangerous  or  even  morbid  symptom, 
as  it  was  at  one  time  regarded,  is  frequently  present  in  perfectly 
normal  urine  after  a  day  or  two  of  exposure  to  the  atmosphere. 
We  have  often  observed  it,  under  these  circumstances,  when  no 
morbid  symptom  could  be  detected  in  connection  either  with  the 
kidneys  or  with  any  other  bodily  organ.  Now,  whenever  oxalic 
acid  is  formed  in  the  urine,  it  must  necessarily  be  deposited  under 
the  form  of  oxalate  of  lime ;  since  this  salt  is  entirely  insoluble 
both  m  water  and  in  the  urine,  even  when  heated  to  the  boiling 
point.  It  is  difficult  to  understand,  therefore,  when  oxalate  of  lime 
is  found  as  a  deposit  in  the  urine,  how  it  can  previously  have  been 
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Fig.  116. 


held  in  solution.  Its  oxalic  acid  is  in  all  probability  gradually 
formed;  as  we  have  said,  in  the  urine  itself;  uniting,  as  fast  as  it  is 
produced,  with  the  lime  previously  in  solution,  an(ithus  appearing 
OS  a  crystalline  deposit  of  oxalate  of  lime.  It  is  much  more  probable 
that  this  is  the  true  explanation,  since,  in  the  cases  to  which  we 
allude,  the  crystals  of  oxalate  of  lime  grow,  as  it  were,  in  the  cloud 
of  mucus  which  collects  at  the  bottom  of  the  vessel,  while  the 
supernatant  fluid  remains  clear.    These  crystals  are  of  minute  size^ 

transparent,  and  colorless^ 
and  have  the  form  of  regular 
octohedra,  or  double  quad- 
rangular pyramids,  united 
base  to  base.  (Fig.  116.)  They 
make  their  appearance  usu* 
ally  about  the  commence- 
ment of  the  second  day,  the 
urine  at  the  same  time  con- 
tinuing clear  and  retaining 
its  acid  reaction.  This  depo- 
sit is  of  frequent  occurrence 
when  no  substance  contain- 
ing oxalic  acid  or  oxalates 
has  been  taken  with  the  food. 
At  the  end  of  some  days 
the  changes  above  described 
come  to  an  end,  and  are  succeeded  by  a  different  process  known  as 
the  alkaline  fermentation.  This  consists  essentially  in  the  decom- 
position or  metamorphosis  of  urea  into  carbonate  of  ammonia. 
As  the  alteration  of  the  mucus  advances,  it  loses  the  power  of  pro- 
ducing lactic  and  oxalic  acids,  and  becomes  a  ferment  capable  of 
acting  by  catalysis  upon  the  urea,  and  of  exciting  its  decomposition 
as  above.  We  have  already  mentioned  that  urea  may  be  converted 
into  carbonate  of  ammonia  by  prolonged  boiling  or  by  contact 
with  decomposing  animal  substances.  In  this  conversion,  the  urea 
unites  with  the  elements  of  two  equivalents  of  water ;  and  conse- 
quently it  is  not  susceptible  of  the  transformation  when  in  a  dry 
state,  but  only  when  in  solution  or  supplied  with  a  sufficient  quan- 
tity of  moisture.  The  presence  of  mucus,  in  a  state  of  incipient 
decomposition,  is  also  necessary,  to  act  the  part  of  a  catalytic 
body.  Consequently  if  the  urine,  when  first  discharged,  be  passed 
through  a  succession  of  close  filters,  so  as  to  separate  its  mucus,  it 
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may  be  afterward  kept,  for  an  indefinite  time,  without  alteration. 
But  under  ordinary  circumstances,  the  mucus,  as  soon  as  its  putre- 
faction has  commenced,  excites  the  decomposition  of  the  urea,  and 
carbonate  of  ammonia  begins  to  be  developed. 

The  first  portions  of  the  ammoniacal  salt  thus  produced  begin  to 
neutralize  the  biphosphate  of  soda,  so  that  the  acid  reaction  of  the 
urine  diminishes  in  intensity.  This  reaction  gradually  becomes 
weaker,  as  the  fermentation  proceeds,  until  it  at  last  disappears 
altogether,  and  the  urine  becomes  neutral.  The  production  of 
carbonate  of  ammonia  still  continuing,  the  reaction  of  the  fiuid 
then  becomes  alkaline,  and  its  alkalescence  grows  more  strongly 
pronounced  with  the  constant  accumulation  of  the  ammoniacal  «alt. 

The  rapidity  with  which  this  alteration  proceeds  depends  on  the 
character  of  the  urine,  the  quantity  and  quality  of  the  mucus  which 
it  contains,  and  the  elevation  of  the  surrounding  temperature.  The 
urine  passed  early  in  the  forenoon,  which  is  often  neutral  at  the 
time  of  its  discharge,  'will  of  course  become  alkaline  more  readily 
than  that  which  has  at  first  a  strongly  acid  reaction.  In  the  summer, 
urine  will  become  alkaline,  if  freely  exposed,  on  the  third,  fourth, 
or  fifth  day ;  while  in  the  winter,  a  specimen  kept  in  a  cool  place 
may  still  be  neutral  at  the  end  of  fifteen  days.  In  cases  of  paralysis 
of  the  bladder,  on  the  other  hand,  accompanied  with  cystitis,  where 
the  mucus  is  increased  in  quantity  and  altered  in  quality,  and  the 
urine  is  retained  in  the  bladder  for  ten  or  twelve  hours  at  the  tem- 
perature of  the  body,  the  change  may  go  on  much  more  rapidly,  so 
that  the  urine  may  be  distinctly  alkaline  and  ammoniacal  at  the 
time  of  its  discharge.  In  these  cases,  however,  it  is  really  acid 
when  first  secreted  by  the  kidneys,  and  becomes  alkaline  while 
retained  in  the  interior  of  the  bladder. 

The  first  eflFect  of  the  alkaline  condition  of  the  urine,  thus  pro- 
duced, is  the  precipitation  of  the  earthy  phosphates.  These  salts, 
being  insoluble  in  neutral  and  alkaline  fluids,  begin  to  precipitate  as 
soon  as  the  natural  acid  reaction  of  the  urine  has  fairly  disappeared, 
and  thus  produce  in  the  fluid  a  whitish  turbidity.  This  precipitate 
slowly  settles  upon  the  sides  and  bottom  of  the  vessel,  or  is  partly 
entangled  with  certain  animal  matters  which  rise  to  the  surface  and 
form  a  thin,  opaline  scum  upon  the  urine.  There  are  no  crystals 
to  be  seen  at  this  time,  but  the  deposit  is  entirely  amorphous  and 
granular  in  character. 

The  next  change  consists  in  the  production  of  two  new  double 
salts  by  the  action  of  carbonate  of  ammonia  on  the  phosphates  of 
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soda  and  magnesia.  One  of  these  is  the  "triple  phosphate,"  phos- 
phate of  magnesia  and  ammonia  (2MgO,NH^O,PO, 4- 2H0).  The 
other  is  the  phosphate  of  soda  and  ammonia  (NaO,NH^O,HO,PO,+ 
8H0).  The  phosphate  of  magnesia  and  ammonia  is  formed  from 
the  phosphate  of  magnesia  in  the  urine  (8MgO,PO,+7HO)  by 
the  replacement  of  one  equivalent  of  magnesia  by  one  of  am- 
monia. The  crystals  of  this  salt  are  very  elegant  and  charac- 
teristic. They  show  themselves  throughout  all  parts  of  the  mix- 
ture ;  growing  gradually  in  the  mucus  at  the  bottom,  adhering  to 

the  sides  of  the  glass,  and 
scattered  abundantly  over 
the  film  which  collects  upon 
the  surface.  By  their  refract- 
ive power,  they  give  to  this 
film  a  peculiar  glistening 
and  iridescent  appearance, 
which  is  nearly  always  visi- 
ble at  the  end  of  six  or  seven 
days.  The  crystals  are  per- 
fectly colorless  and  transpa- 
rent, and  have  the  form  of 
triangular  prisms,  generally 
with    bevelled    extremities. 

Phosphate   op   Maosesia    and   Ammowia;      (Fig.  117.)     Frequently,  alsO 
deposited  from  healthy  urine,  during  alkaline  fermen-      ^j^^jj.   ^^j  ^^^  j^    ^ 

tatioQ.  o  o 

replaced  by  secondary  facets. 
They  are  insoluble  in  alkalies,  but  are  easily  dissolved  by  acids^ 
even  in  a  very  dilute  form.  At  first  they  are  of  minute  size,  but 
gradually  increase,  so  that  after  seven  or  eight  days  they  may 
become  visible  to  the  naked  eye. 

The  phosphate  of  soda  and  ammonia  is  formed,  in  a  similar 
manner  to  the  above,  by  the  union  of  ammonia  with  the  phosphate 
of  soda  previously  existing  in  the  urine.  Its  crystals  resemble 
very  much  those  just  described,  except  that  their  prisms  are  of  a 
quadrangular  form,  or  some  figure  derived  from  it.  They  are 
intermingled  with  the  preceding  in  the  putrefying  urine,  and  are 
aSected  in  the  same  way  by  chemical  reagents. 

As  the  putrefaction  of  the  urine  continues,  the  carbonate  of  am- 
monia which  is  produced,  after  saturating  all  the  other  ingredients 
with  which  it  is  capable  of  entering  into  combination,  begins  to 
be  given  off  in  a  free  form.     The  urine  then  acquires  a  strong 
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ammoniacal  odor ;  and  a  piece  of  moistened  test  paper^  held  a  little 
above  its  surface,  will  have  its  color  immediately  turned  by  the 
alkaline  gas  escaping  from  the  fluid.  This  is  the  source  of  the 
ammoniacal  vapor  which  is  so  freely  given  off  from  stables  and  from 
dung  heaps,  or  wherever  urine  is  allowed  to  remain  and  decompose,  i 
This  process  continues  until  all  the  urea  has  been  destroyed,  and  ' 
until  the  products  of  its  decomposition  have  either  united  with 
other  substances,  or  have  finally  escaped  in  a  gaseous  form. 

Eenovation  op  the  Body  by  the  Nutbitive  Pbocess. — We 
can  now  estimate,  from  the  foregoing  details,  the  entire  quantity  of 
material  assimilated  and  decomposed  by  the  living  body.  For  we 
have  already  seen  how  much  food  is  taken  into  the  alimentary  canal 
and  absorbed  by  the  blood  after  digestion,  and  how  much  oxygen 
is  appropriated  from  the  atmosphere  in  the  process  of  respiration. 
We  have  also  learned  the  amount  of  carbonic  acid  evolved  with  the 
breath,  and  that  of  the  various  excretory  substances  discharged  from 
the  body.  The  following  table  shows  the  absolute  quantity  of  these 
different  ingredients  of  the  ingesta  and  egesta,  compiled  from  the 
results  of  direct  experiment  which  have  already  been  given  in  the 
foregoing  pages. 
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Oxygen     . 

1.019  lbs. 

Carbonic  acid  . 

1.535  ll»8. 

Water 

4.735    " 

Aqueoas  vapor 

1.155     " 

Albnmiuoas  matter  . 

.396    " 

Perspiration     . 

1.930    " 

Starch 

.660    « 

Water  of  the  nrine  • 

2.020    " 

Fat  . 

.220    " 

Urea  and  salUt 

.110    " 

SalU 

.040     " 

Feces 

.320    " 

7.070  7.070 

Rather  more  than  seven  pounds,  therefore,  are  absorbed  and  dis- 
charged daily  by  the  healthy  adult  human  subject ;  and,  for  a  man 
having  the  average  weight  of  140  pounds,  a  quantity  of  material, 
equal  to  the  weight  of  the  entire  body,  thus  passes  through  the 
system  in  the  course  of  twenty  days. 

It  is  evident,  also,  that  this  is  not  a  simple  phenomenon  of  the 
passage,  or  filtration,  of  foreign  substances  through  the  animal 
frame.  The  materials  which. are  absorbed  actually  combine  with 
the  tissues,  and  form  a  part  of  their  substance ;  and  it  is  only  after 
undergoing  subsequent  decomposition,  that  they  finally  make  their 
appearance  in  the  excretions.  None  of  the  solid  ingredients  of  the 
food  are  discharged  under  their  own  form  in  the  urine,  viz.,  as 
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Starch,  fat,  or  albumen ;  but  they  are  replaced  by  urea  and  other 
crystallizable  substances,  of  a  different  nature.  Even  the  carbonic 
acid  exhaled  by  the  breath,  as  experience  has  taught  us,  is  not  pro- 
duced by  a  direct  oxidation  of  carbon ;  but  originates  by  a  steady 
process  of  decomposition,  throughout  the  tissues  of  the  body,  some- 
what similar  to  that  by  which  it  is  generated  in  the  decomposition 
of  sugar  by  fermentation.  These  phenomena,  therefore,  indicate  an 
actual  change  in  the  substance  of  which  the  body  is  composed,  and 
show  that  its  entire  ingredients  are  incessantly  renewed  under  the 
influence  of  the  vital  operations. 


SECTION  II.- 
NERYOUS   SYSTEM. 


CHAPTER    I. 


GENERAL    STRUCTURE    AND   FUNCTIONS    OF   THE 

NERVOUS    SYSTEM. 

In  entering  upon  the  study  of  the  nervous  system,  we  commence 
the  examination  of  an  entirely  different  order  of  phenomena  from 
those  which  have  thus  far  engaged  our  attention.  Hitherto  we 
have  studied  the  physical  and  chemical  actions  taking  place  in  the 
body  and  constituting  together  the  process  of  nutrition.  "We  have 
seen  how  the  lungs  absorb  and  exhale  different  gases;  how  the 
stomach  dissolves  the  food  introduced  into  it,  and  how  the  tissues 
produce  and  destroy  different  substances  by  virtue  of  the  varied 
transformations  which  take  place  in  their  interior.  In  all  these 
instances,  we  have  found  each  organ  and  each  tissue  possessing 
certain  properties  and  performing  certain  functions,  of  a  physical 
•or  chemical  nature,  which  belong  exclusively  to  it,  and  are  charac- 
teristic of  its  action. 

The  functions  of  the  nervous  system,  however,  are  neither  phy-\ 
sical  nor  chemical  in  their  nature.  They  do  not  correspond,  in  | 
their  mode  of  operation,  with  any  known  phenomena  belonging  to  \ 
these  two  orders.  The  nervous  system,  on  the  contrary,  acts  only 
upon  other  organs,  in  some  unexplained  manner,  so  as  to  excite  or 
modify  the  functions  peculiar  to  them.  It  is  not  therefore  an  appa- 1 
ratus  which  acts  for  itself,  but  is  intended  entirely  for  the  purpose  \ 
of  influencing,  in  an  indirect  manner,  the  action  of  other  organs.  \ 
Its  object  is  to  connect  and  associate  the  functions  of  different  ! 

(  865  ) 
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parts  of  the  body,  and  to  cause  them  to  act  in  harmony  with  each 
other. 

This  object  may  be  more  fully  exemplified  as  follows : — 
Each  organ  and  tissue  in  the  body  has  certain  properties  peculiar 
to  it,  which  may  be  called  into  activity  by  the  operation  of  a  stimu- 
lus or  exciting  cause.  This  capacity,  which  all  the  organs  possess, 
of  reacting  under  the  influence  of  a  stimulus,  is  called  their  excita- 
bility, or  irritability.  We  have  often  had  occasion  to  notice  this  pro- 
perty of  irritability,  in  experiments  related  in  the  foregoing  pages. 
We  have  seen,  for  example,  that  if  the  heart  of  a  frog,  after  being 
removed  from  the  body,  be  touched  with  the  point  of  a  needle,  it 
immediately  contracts,  and  repeats  the  movement  of  an  ordinary 
pulsation.  If  the  leg  of  a  frog  be  separated  from  the  thigh,  its 
integument  removed,  and  the  poles  of  a  galvanic  battery  brought 
in  contact  with  the  exposed  surface  of  the  muscles,  a  violent  con- 
traction takes  place  every  time  the  electric  circuit  is  completed. 
In  this  instance,  the  stimulus  to  the  muscles  is  supplied  by  the 
electric  discharge,  as,  in  the  case  of  the  heart  above  mentioned,  it  is 
supplied  by  the  contact  of  the  steel  needle ;  and  in  both,  a  muscu- 
lar contraction  is  the  immediate  consequence.  If  we  introduce  a 
metallic  catheter  into  the  empty  stomach  of  a  dog  through  a  gastric 
fistula,  and  gently  irritate  with  it  the  mucous  membrane,  a  secretion 
of  gastric  juice  at  once  begins  to  take  place ;  and  if  food  be  intro- 
duced the  fluid  is  poured  out  in  still  greater  abundance.  We  know 
also  that  if  the  integument  be  exposed  to  contact  with  a  heated 
body,  or  to  friction  with  an  irritating  liquid,  an  excitement  of  the 
circulation  is  at  once  produced,  which  again  passes  away  aft«r  the 
removal  of  the  irritating  cause. 

In  all  these  instances  we  find  that  the  organ  which  is  called  into 
activity  is  excited  by  the  direct  application  of  some  stimulus  to  its 
own  tissues.  But  this  is  not  usually  the  manner  in  which  the  dif- ' 
ferent  functions  are  excited  during  life.  The  stimulus  which  calls 
into  action  the  organs  of  the  living  body  is  usually  not  direct,  but 
indirect  in  its  operation.  Very  often,  two  organs  which  are  situ- 
ated in  distant  parts  of  the  body  are  connected  with  each  other  by 
such  a  sympathy,  that  the  activity  of  one  is  influenced  by  the 
condition  of  the  other.  The  muscles,  for  example,  are  almost  never 
called  into  action  by  an  external  stimulus  operating  directly  upon 
their  own  fibres,  but  by  one  which  is  applied  to  some  other  organ, 
either  adjacent  or  remote.  Thus  the  peristaltic  action  of  the  mus- 
cular coat  of  the  intestine  commences  when  the  food  is  brought  in 
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contact  with  its  mucous  membrane.  The  lachrymal  gland  is  excited 
to  increased  activity  by  anything  which  causes  irritation  of  the 
conjunctiva.  In  all  such  instances,  the  physiological  connection 
between  two  different  organs  is  established  through  the  medium  of 
the  nervous  system. 

The  function  of  the  nervous  system  may  therefore  be  defined,  in 
the  simplest  terms,  as  follows :  It  is  intended  to  associate  the  different 
parts  of  the  body  in  such  a  manner,  thcU  stimuliLS  applied  to  one  organ  I 
may  excite  the  activity  of  another. 

The  instances  of  this  mode  of  action  are  exceedingly  numerous. 
Thus,  the  light  which  falls  upon  the  retina  produces  a  contraction 
of  the  pupil.  The  presence  of  food  in  the  stomach  causes  the  gall- 
bladder to  discharge  its  contents  into  the  duodenum.  The  expul- 
sive efforts  of  coughing  are  excited  by  a  foreign  body  entangled  in 
the  glottis. 

It  is  easy  to  understand  the  great  importance  of  this  function, 
particularly  in  the  higher  animals  and  in  man,  whose  organization 
is  an  exceedingly  complicated  one.  For  the  different  organs  of 
the  body,  in  order  to  preserve  the  integrity  of  the  whole  frame, 
must  not  only  act  and  perform  their  functions,  but  they  must  act  in 
harmony  with  each  other,  and  at  the  right  time,  and  in  the  right 
direction.  The  functions  of  circulation,  of  respiration,  and  of 
digestion,  are  so  mutually  dependent,  that  if  their  actions  do  not 
take  place  harmoniously,  and  in  proper  order,  a  serious  disturb- 
ance must  inevitably  follow.  When  the  muscular  system  is  ex- 
cited by  unusual  exertion,  the  circulation  is  also  quickened.  The 
blood  arrives  more  rapidly  at  the  heart,  and  is  sent  in  greater 
quantity  to  the  lungs.  If  the  movements  of  respiration  were  not 
accelerated  at  the  same  time,  through  the  connections  of  the  nerv- 
ous system,  there  would  immediately  follow  deficiency  of  aeration, 
vascular  congestion,  and  derangement  of  the  circulation.  If  the 
iris  were  not  stimulated  to  contract  by  the  influence  of  the  light 
falling  on  the  retina,  the  delicate  expansion  of  the  optic  nerve 
would  be  dazzled  by  any  unusual  brilliancy,  and  vision  would  be 
obscured  or  confused.  In  all  the  higher  animals,  therefore,  where 
the  different  functions  of  the  body  are  performed  by  distinct  organs, 
situated  in  different  parts  of  the  frame,  it  is  necessary  that  their 
action  should  be  thus  regulated  and  harmonized  by  the  operation 
of  the  nervous  system. 
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The  manner  in  which  this  is  accomplished  is  as  follows : — 
The  nervous  system,  however  simple  or  however  complicated  it 
may  be,  consists  always  of  two  different  kinds  of  tissue,  which  are 
distinguished  from  each  other  by  their  color,  their  structure,  and 
their  mode  of  action.  One  of  these  is  known  as  the  white  substance, 
or  the  fibrous  tissue.  It  constitutes  the  whole  of  the  substance  of 
the  nervous  trunks  and  branches,  and  is  found  in  large  quantity  on 
the  exterior  of  the  spinal  cord,  and  in  the  central  parts  of  the  brain 
and  cerebellum.  In  the  latter  situations,  it  is  of  a  soft  consistency, 
like  curdled  cream,  and  of  a  uniform,  opaque  white  color.  In 
the  trunks  and  branches  of  the  nerves  it  has  the  same  opaque 
white  color,  but  is  at  the  same  time  of  a  firmer  consistency,  owing 
to  its  being  mingled  with  condensed  areolar  tissue.  Examined  by 
the  microscope,  the  white  substance  is  seen  to  be  composed  every- 
where of  minute  fibres  or  filaments,  the  "ultimate  nervous  fila- 
ments," running  in  a  direction  very  nearly  parallel  with  each  other. 
These  filaments  are  cylindrical  in  shape,  and  vary  considerably  in 
size.  Those  which  are  met  with  in  the  spinal  cord  and  the  brain 
are  the  smallest,  and  have  an  average  diameter  of  jviirv  ^^  <^ 
inch.  In  the  trunks  and  branches  of  the  nerves  they  average  j^^iy 
of  an  inch. 

The  structure  of  the  ultimate  nervous  filament  is  as  follows: 
The  exterior  of  each  filament  consists  of  a  colorless,  transparent 
tubular  membrane,  which  is  seen  with  some  difficulty  in  the  natural 
condition  of  the  fibre,  owing  to  the  extreme  delicacy  of  its  texture, 
and  to  its  cavity  being  completely  filled  with  a  substance  very 
[similar  to  it  in  refractive  power.  In  the  interior  of  this  tubular 
1  membrane  there  is  contained  a  thick,  semi-fluid  nervous  matter, 
which  is  white  and  glistening  by  reflected  light,  and  is  called  the 
"white  substance  of  Schwann."  Finally,  running  longitudinally 
through  the  central  part  of  each  filament,  is  a  narrow  ribbon- 
shaped  cord,  of  rather  firm  consistency,  and  of  a  semi-transparent 
grayish  color.  This  central  portion  is  called  the  "axis  cylinder," 
or  the  "  flattened  baud."  It  is  enveloped  everywhere  by  the  semi- 
fluid white  substance,  and  the  whole  invested  by  the  external  tubu- 
lar membrane. 

When  nervous  matter  is  prepared  for  the  microscope  and  exa- 
mined by  transmitted  light,  two  remarkable  appearances  are  ob- 
served in  its  filaments,  produced  by  the  contact  of  foreign  sub- 
stances. In  the  first  place  the  unequal  pressure,  to  which  the  fila- 
ments are  accidentally  subjected  in  the  process  of  dissection  and 
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preparation,  prodaces  an  irregalarlj  bulging  or  varicose  appearance 
in  them  at  various  points,  owing  to  the  readiness  with  which  the 
semi-fluid  white  substance  in  their  interior  is  displaced  in  diflbreot 
directions.  (Fig.  118.)  Sometimes  spots  m&j  be  seen  here  and 
there,  where  the  nerroos  matter  has  been  entirely  pressed  apart  in 
the  centre  of  a  filament,  bo 
that  there  appears  to  be  an  F<g'  US- 

entire  break  in  its  continuity, 
while  the  investing  -mem- 
brane  may  be  still  seen,  pass- 
ing across  from  one  portion 
to  the  other.  When  a  nerv- 
ous filament  is  torn  across 
under  the  microscope  and 
subjected  to  pressure,  a  cer- 
tain quantity  of  the  semi- 
fiuid  white  substance  is 
pressed  out  from  its  torn 
extremity,  and  may  be  en- 
tirely separated  from  it,  so 
as  to  present  itself  under  the  M'»to>'" 
form  of  irregularly  rounded  „t,  Ui  rm 
drops  of  various  sizes  (a,  a, 

a),  scattered  over  the  field  of  the  microscope.  The  variooq^  appear- 
ance above  alluded  to  is  more  frequently  seen  in  the  smaller  nerv- 
ous filaments  from  the  brain  and  spinal  cord,  owing  to  their  soft 
consistency  and  the  readiness  with  which  they  yield  to  pressure. 

The  second  efiect  produced  by  the  artificial  preparation  of  the 
nenrous  matter  is  a  partial  coagulation  of  the  white  substance  of 
Schwann.  In  its  natural  condition  this  substance  has  the  same 
consistency  throughout,  and  appears  perfectly  transparent  and 
homt^eneous  by  transmitted  light  As  soon,  however,  as  the  nerv- 
OOB  filament  is  removed  from  its  natural  situation,  and  brought  in  • 
contact  with  air,  water,  or  other  unnatural  fluids,  the  soft  substance  ] 
immediately  under  the  investing  membrane  begins  to  coagulate.  I 
It  increases  in  consistency,  and  at  the  same  time  becomes  more 
highly  refractive;  so  that  it  presents  on  each  side,  immediately 
-underneath  the  investing  membrane,  a  thin  layer  of  a  pecultar 
glistening  aspect.  (Fig.  119.)  At  first,  this  change  takes  place 
only  in  the  outer  portions  of  the  white  substance  of  Schwaan. 
The  coagulating  process,  however,  subsequently  goes  on,  aai 
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graduallj  sdvanoea  &om  the  edges  of  the  filament  toward  ila 
centre,  until  its  entire  thickness  after  a  time  presents  the  same 
appearance.  The  effect  of  this  process  can  also  be  seen  in  those 
portions  of  the  white  substance  which  have  been  pressed  out  from 
the  interior  of  the  filaments,  and  which  fioat  about  in  the  form  of 
drops.  (Fig.  118,  a.)  These 
'''b-  118-  drops  are  always  covered 

with  a  layer  of  coagulated 
material  which  is  thicker 
and  more  opaque  in  propor- 
tion to  the  length  of  time 
which  has  elapsed  since  the 
commencement  of  the  alter- 
ation. 

The  nervous  filaments 
have  essentially  the  same 
structure  in  the  brain  and 
spinal  cord  as  in  the  nervous 
trunks  and  branches;  only 
they  are  of  much  smaller 
'*™J'«  size  in  the  former  than  in 
lb  ibe  aiia  eriiiid«  i»)  protrndiDR  the  latter  situation.  In  the 
't.'"^m''™ir°''"i "ilVTi'i'  nervous  trunks  and  branches, 
••  iti«  roptarcd  portioD.  TbeDDi-  howevef,  outside  the  crauial 
."u™.*" ""**"**""'""  a^^  spin'i'  cavities,  there 
exists,  superadded  to  the 
nervous  filaments  and  interwoven  with  them,  a  large  amount  of 
condensed  areolar  or  fibrous  tissue,  which  protects  them  from 
injury,  and  gives  to  this  portion  of  the  nervous  system  a  peculiar 
density  and  resistance.  This  difference  in  consistency  between  the 
white  substance  of  the  nerves  and  that  of  the  brain  and  spinal  cord 
is  owing,  therefore,  exclusively  to  the  presence  of  ordinary  fibrous 
tissue  in  the  nerves,  while  it  is  wanting  in  the  brain  and  spinal 
cord.  The  consistency  of  the  nervous  filaments  themselves  is  the 
same  in  each  situation. 

The  nervous  filaments  are  arranged,  in  the  nervous  trunks  and 
branches,  in  a  direction  nearly  parallel  with  each  other.  A  certain 
number  of  them  are  collected  in  the  form  of  a  bundle,  which  is 
invested  with  a  layer  of  fibrous  tissue,  in  which  run  the  small 
bloodvessels,  destined  for  the  nutrition  of  the  nerve.  These  pri- 
mary bundles  are  again  united  into  secondary,  the  secondary  into 
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Fig.  120. 


tertiary,  kc  A  nerve,  therefore,  conaieta  of  a  large  bundle  of  ulti- 
mate filaments,  associated  with  each  other  in  larger  or  smaller 
packets,  and  bound  together  by  the  investing  fibrous  layers.  When 
a  nerve  is  said  to  become  branched  or  "divided"  in  any  part  of  its 
course,  this  division  merely  imjjiiea  that  some  of  its  filaments  leave 
the  bundles  with  which  they  were 
previously  associated,  and  pursue 
a  difterent  direction.  (Fig.  120.) 
A  nerve  which  originates,  for  ex- 
ample, from  the  spinal  cord  in  the 
region  of  the  neck,  and  runs  down 
the  upper  extremity,  dividing  and 
subdividing,  to  be  finally  dirtri- 
bntcd  to  the  integument  and  mus- 
cles of  the  hand,  contains  at  its 
point  of  origin  all  the  filaments 
into  which  it  is  afterward  divided, 
and  which  are  merely  separated 
at  successive  points  from  the 
main  bundle.  The  ultimate  fila- 
ments, accordingly,  are  continu- 
ous throughout,  and  do  not  them- 
selves divide  at  any  point  between 
their  origin  and  their  final  distri- 
bution. 

When  a  nerve,  furthermore,  is 
said  to  "inosculate"  with  another 
nerve,  as  when  the  infra-orbital 
inosculates  with  the  facial,  or  the  i 
cervical  nerves  inosculate  with 
each  other,  this  means  simply  that  s 
the  first  nervous  bundle  separate  from  it,  and  cross  over  to  form  a 
part  of  the  second,  while  some  of  those  belonging  to  the  second 
cross  over  and  join  the  first  (Fig.  121) ;  but  the  individual  filaments 
in  each  instance  remain  cnntinuous  and  preserve  their  identity 
throughout.  This  fact  is  of  great  physiological  importance;  since 
the  white  or  fibrous  nerve-substance  is  everywhere  simply  an 
organ  of  transmission.  It  serves  to  convey  the  nervous  impulse  in 
various  directions,  from  without  inward,  or  from  within  outward; 
and  as  each  nervous  filament  acts  independently  of  the  others,  it 
"1  convey  an  impression  or  a  stimulus  continuously  from  its 
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origin  to  ita  turmiDatioD,  and  will  always  have  tlie  same  cbaraute 
and  function  iu  every  part  of  its  course. 

The  other  variety  of  nervoud  matter  is  knowD  as  the  gray  aub- 

itance.    It  is  sometimes  ealleil ''  ciueritious  matter,"  and  sometimes 


"  vesicular 
uord,  at  the 
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neurine."     It  is  found  in  the  central  parts  of  th? 

base  of  the  brain  in  isolated  masses,  and  is  also  spread 
out  aa  a  continuous  layer  on 
the  external  portions  of  the 
cerebrum  and  oerebeUum. 
It  also  constitutes  the  sub- 
stance of  all  the  ganglia  of 
the  great  sympathetic.  Ex- 
amined by  the  microscope,  it 
consists  of  vesicles  or  cells,  of 
various  forms  and  sizes,  im- 
bedded in  a  grayish,  granular, 
intei'cellular  substance,  and 
containing,  also,  vary  fre- 
quently, granules  of  grayish 
pigmentary  matter.  It  is  to 
the  presence  of  this  granular 
pigment   that   tbla  kind   o£._ 
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nervous  matter  ovee  tbe  ashy  or  "cineritiouB"  color  from  vbicb  it  I 
derives  its  name.  Tlie  cells  composiiig  it  vary  in  size,  aeoording  i 
toKdUiker,  from  jJav  ^tho  of  an  inch.  Tbe  largest  of  them  bave ' 
a  verj  distinct  nucleus  and  nucleolus.  (Fig.  122.)  Many  of  them 
are  provided  with  long  processes  or  projections,  which  are  sometimes 
divided  into  two  or  three  smaller  branches.  These  cells  are  inter- 
mingled, in  all  tbecoUectionaof  gray  matter,  with  Denrous  filaments, 
and  are  entangled  with  their  extremities  in  such  a  manner  that  it 
is  exceedingly  difficult  to  ascertain  the  exact  nature  of  the  anato- 
mical relations  exiting  between  them.  It  is  certain  that  in  some 
instances  the  slender  processes  numing  out  from  the  nervous  vesi- 
cles become  at  last  continuous  with  the  filaments;  but  it  is  not 
known  whether  this  be  the  case  in  all  or  even  in  a  majority  of 
instances.  Tbe  extremities  of  the  filaments,  however,  are  at  all 
events  brought  into  very  close  relation  with  the  vesicles  or  cells  of 
the  gray  matter. 

Every  collection  of  gray  matter,  whatever  be  ita  situation  or 
relative  size  in  the  nervous  system,  is  called  a  ganglion  or  nervaua 
centre.  Its  function  is  to  receive  impressions  conveyed  to  it  by  the 
nervous  filaments,  and  to  send  oot  by  them  impulses  which  are  to 
be  transmitted  to  distant  organs.  The  ganglia,  therefore^  originate 
nervous  power,  so  to  speak ;  while  the  filnmente  and  the  nerves 
only  transmit  it.  Now  we  shall  find  that,  in  the  structure  of  every 
nervous  system,  the  ganglia  are  connected,  first  with  the  different 
organs,  by  bundles  of  filaments  which 
are  called  nerves ;  and  secondly  with  ^e-  ^23. 

each  other,  by  other  bundles  which 
are  termed  commissures.  The  entire 
system  is  accordingly  made  up  of 
ganglia,  nerves,  and  eomm'tsurea. 

The  simplest  form  of  nervous 
system  is  probably  that  found  in 
the  five-rayed  starfish.  This  animal 
belongstothe  type  known  as  widiafa; 
that  is,  animals  whose  organs  radiate 
irom  a  central  point,  so  as  to  form  a 
circular  series  of  similar  parts,  each 
organ  being  repeated  at  different 
points  of  the  circumference.  The 
starfish  (Fig.  12tt)  consists  of  a  central  mass,  with  five  arms  nr 
limbs  radiating  from  it     In  the  centre  is  the  mouth,  and  immedi- 
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ateljr  beneath  it  the  stomach  or  digestive  cavity,  which  aends  pro- 
longations into  every  one  of  the  projecting  limbs,  ^here  is  also 
contained  in  each  limb  a  portion  of  the  glandular  and  muscolar 
systems,  and  the  whole  is  covered  by  a  sensitive  integument  The 
nervous  system  consists  of  five  similar  gnnglia,  situated  in  the 
central  portion,  at  the  base  of  the  arms.  These,  ganglia  are  con- 
nected with  each  other  by  commissures,  so  as  to  form  a  nervous 
collar  or  chain,  surrounding  the  orifice  of  the  digestive  cavity. 
Each  ganglion  also  sends  ofif  nerves,  the  filaments  of  which  are 
distributed  to  the  organs  contained  in  the  corresponding  limb. 

We  have  already  stated  that  the  proper  function  of  the  nervous 
system  is  to  enable  a  stimulus^  acting  upon  one  organ,  to  produce 
motion  or  excitement  in  another.  Thi^  is  accomplished,  .in  the 
starfish,  in  the  following  manner :: — 

When  any  stimulus  or  irritation  is  applied  to  the  integument  of 
one  of  the  arms,  it  is  transmitted  by  the  nerves  of  the  integument 
to  the  ganglion  situated  near  the  mouth.  Arrived  here,  it  is 
received  by  the  gray  matter  of  the  ganglion,  and  immediately  con- 
verted into  an  impulse  which  is  sent  out  by  other  filaments  to  the 
muscles  of  the  corresponding  limb;  and  a  muscular  contraction  and 
movement  consequently  take  place.  The  muscles  therefore  contract 
in  consequence  of  an  irritation  which  has  been  applied  to  the  skin. 
This  is  called  the  "reflex  action^'  of  the  nervous  system ;  because  the 
stimulus  is  first  sent  inward  by  the  nerves  of  the  integument,  and 
then  returned  or  reflected  back  from  the  ganglion  upon  the  muscles. 
It  must  be  recollected  that  this  action  does  not  necessarily  indicate 
any  sensation  or  volition,  nor  even  any  consciousness  on  the  part  of 
the  animal.  The  function  of  the  gray  matter  is  simply  to  receive 
the  impulse  conveyed  to  it,  and  to  reflect  or  send  back  another; 
and  this  may  be  accomplished  altogether  involuntarily,  and  without 
the  existence  of  any  conscious  perception. 

Wh«re  the  irritation  applied  to  the  integument  is  of  an  ordinary 
character,  imd  not  very  intense,  it  is  simply  reflected,  as  above 
described,  from  the  corresponding  ganglion  back  to  the  same  limb. 
But  if  it  be  of  a  peculiar  character,  or  of  greater  intensity  than  usual, 
it  may  be  also  transmitted  by  the  commissures  to  the  neighboring 
ganglia ;  and  so  two,  three,  four,  or  even  all  five  of  the  limbs  may 
be  set  in  motion  by  a  stimulus  applied  to  the  integument  of  one  of 
them.  Now,  as  all  the  limbs  of  the  animal  have  the  same  structure 
and  contain  the  same  organs,  their  action  will  also  be  the  same; 
and  the  effects  of  this  communication  of  the  stimulus  from  one  to 
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otber  hy  meana  of  commisaures  will  be  a  repetition,  or  rather 

simultaneous  production  of  similar  movements  in  difterent  parts 

the  body.     According  to  the  character  and  intensity,  therefore, 

of  the  original  stimulus,  it  will  be  followed  by  a  response  from 

one,  several,  or  all  of  the  different  parts  of  the  animal  frame. 

It  will  be  seen  also  that  there  are  two  kinds  of  nervous  filaments, 
differing  essentially  in  their  functions.  One  set  of  these  fibres  run 
from  the  senaitive  surfaces  to  the  ganglion,  and  convey  the  nervous 
impression  inward.  These  are  called  sensitive  fibres.  The  other 
set  run  from  the  ganglion  to  the  muscleB,  and  carry  the  nervous 
impression  outward.     These  are  called  motor  fibres. 

In  the  starfish,  where  the  body  is  composed  of  a  repetition  of  simi- 
lar parts  arranged  round  a  common  centre,  and  where  all  the  limbs 
are  precisely  alike  in  structure,  the  several  ganglia  composing  the 
nervous  system  are  also  similar  to  each  other,  and  act  in  the  same 
way.  But  in  animals  which  are  constructed  upon  a  different  plan, 
and  whose  bodies  are  composed  of  distinct  organs,  situated  in  dif- 
ferent regions,  we  find  that  the  nervous  ganglia,  presiding  over 
the  function  of  ihese  organs,  present  a  corresponding  degree  of 
dissimilarity. 

In  Aplysia,  for  example,  which  belongs  to  the  type  of  niolluaca. 
or  soft-bodied  animals,  the  digestive  apparatus  consists  of  a  mouth, 
sn  cesophagus,  a  triple  stomach,  and  a  some- 
what convoluted  intestine.  The  liver  is 
large,  and  placed  on  one  side  of  the  body, 
while  the  gills,  in  the  form  of  vascular 
laminffi,  occupy  the  opposite  side.  There 
are  both  testicles  and  ovaries  in  the  same 
animal,  the  male  and  female  functions  co- 
Itaisting,  as  in  many  other  invertebrate 
ipecies.  All  the  organs,  furthermore,  are 
lere  arranged  without  any  reference  to  a 
regular  or  symmetrical  plan.  The  body  is 
covered  with  a  muscular  mantle,  which  ex- 
panda  at  the  ventral  surface  into  a  tolerably 
well-developed  "  foot,"  or  organ  of  locomo- 
tion, by  which  the  animal  is  enabled  to 
change  its  position  and  move  from  one 
locality  to  another. 

The  nervous  system  of  this  animal  is  con- 
structed upon  a  plan  corresponding  with 
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that  of  the  entire  body.  (Fig.  124.)  There  is  a  small  ^ 
situated  anteriorly,  which  sends  nerves  to  the  commencement  of  the 
digestive  apparatus,  and  is  regarded  as  the  oesophageal  or  digestive 
ganglion.  Immediately  behind  it  is  a  larger  one  (j)  called  the 
cephalic  or  cerebral  ganglion,  which  sends  nerves  to  the  organs  of 
special  sense,  and  which  is  regarded  as  the  seat  of  volition  and 
general  sensation  for  the  eutire  body.  Following  this  is  a  pair  of 
ganglia  (i,  i),  the  pedal  or  locoraotory  ganglia,  which  supply  the 
muscular  mantle  and  its  foot-Uke  expansion,  and  which  regulate 
the  movement  of  these  organs.  Finally,  another  ganglion  (*),  situ- 
ated at  the  posterior  part  of  tlie  body,  sends  nerves  to  the  branchuB 
or  gills,  and  U  termed  the  branchial  or  respiratory  ganglion.  All 
these  nervous  centres  are  connected  by  commissures  with  the  central 
or  cerebral  ganglion,  and  may  therefore  act  either  independently 
or  in  association  with  each  other,  by  means  of  these  connecting  fibres. 
In  the  third  typo  of  animals,  again,  viz,  the  arlicutata,  the  gene- 
ral plan  of  structure  of  the  body  is  different  from 
the  foregoing,  and  the  nervous  system  is  accord- 
ingly modified  to  correspond  with  it.  In  these 
animals,  the  hotly  is  composed  of  a  number  of 
rings  or  sections,  which  are  articulated  with  each 
other  in  linear  series.  A  very  gix>d  examp'e  of 
this  type  may  be  found  in  the  common  centipede, 
or  scohpemlra.  Here  the  body  is  composed 
twenty-two  successive  and  nearly  similar  nrtioi 
lations,  each  of  which  has  a  pair  of  legs  attach) 
and  contains  a  portion  of  the  glandular,  respii 
tory,  digestive  and  reproductive  apparatuses. 
The  animal,  therefore,  consists  of  a  repetition  of 
similar  compound  parts,  arranged  in  a  longitudi- 
nal chain  or  series.  The  only  exceptions  to  this 
similarity  are  in  the  first  and  last  articulations. 
The  first  is  large,  and  contains  the  mouth ;  the 
last  is  small,  and  contains  the  anus.     The  first 

n  articulation,  which  is  called  the  "  head,"  i.s  also 

fyirnished  with  eyes,  with  antenuEe,  and  with  a 
pair  of  jaws,  or  mandibles. 
Bf^c'lT^r*!.!"*"        The  nervous  system  of  the  centipede  (Fig.  125), 
corresponding  in  structure  with  the  above  plan, 
consists  of  a  linear  series  of  nearly  equal  and  similar  ganglia  arranged 
1  pairs,  situated  upon  the  median  lia&  along  the  ventral  surfeoe  »rf 
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tba  alimentary  canal.  Each  pair  of  ganglia  is  connected  with  th^ 
integument  and  muscles,  of  its  pwn  articulation  by  sensitive  and 
motor  filaments;  and  with  thosi^  wihich  precede  and  follow  by  a 
double  cord  pf  longitudinal  commissural  fibres.  In  the  first  articu- 
latioUy  nioreover,  or  the  head,  the  ganglia  are  larger  than  elsewhere, 
and  send  nerves  to  the  antennsd  and,  to  the  organs  of  special  sense. 
This  pair  is  termed  the  cerebral  ganglion,  or  the  ''  brain." 

A  refiex  action  may  take  place,  in  these  animals,  through  either 
one  or  all  of  the  ganglia  composing  the  nervous  chain.  An  im- 
pression received  by  the  integument  of  any  part  of  the  body  may 
be  transmitted  inward  to  its  own  ganglion  and  thence  reflected 
immediately  outward,  so  as  to  produce  a  movement  of  the  limbs 
belonging  to  that  articulation  alone ;  or  it  may  be  propagat.ed, 
through  the  longitudinal  commissures,  forward  or  backward,  and 
produce  simultaneous  movements  in  several  neighboring  articula- 
tions ;  or,  finally,  it  may  be  propagated  quite  up  to  the  anterior  pair 
of  ganglia  or  ''  brain,"  where  its  reception  will  be  accompanied  with 
consciousness,  and  a  voluntary  movement  reflected  back  upon  any 
or  all  of  the  limbs  at  once.  The  organs  of  special  sense,  also,  com- 
municate directly  with  the  cerebral  ganglia ;  and  impressions  con- 
veyed through  them  may  accordingly  give  rise  to  movements  in 
any  distant  part  of  the  body.  In  these  animals  the  ventral  ganglia, 
or  those  which  simply  stand  as  a  medium  of  communication  be- 
tween the  integument  and  the  muscles,  are  nearly  similar  through- 
out ;  while  the  first  pair,  or  those  which  receive  the  nerves  of  special 
sense,  and  which  exercise  a  general  controlling  power  over  the  rest 
of  the  nervous  system,  are  distinguished  from  the  remainder  by  a 
well-marked  preponderance  in  size. 

In  the  centipede  it  will  be  noticed  that  nearly  all  the  organs  and 
ftmctions  are  distributed  in  an  equal  degree  throughout  the  whole 
length  of  the  body.  The  organs  of  special  sense  alone,  with  those 
of  mastication  and  the  functions  of  perception  and  volition,  are 
confined  to  the  head.  The  ganglia  occupying  this  part  are  there- 
fore the  only  ones  which  are  distinguished  by  any  external  pecu- 
liarities; the  remainder  being  nearly  uniform  both  in  size  and 
activity.  In  some  kinds  of  articulated  animals,  however,  particular 
functions  are  concentrated,  to  a  greater  or  less  extent,  in  particular 
parts  of  the  body ;  and  the  nervous  ganglia  which  preside  over 
them  are  modified  in  a  corresponding  manner.  In  the  insects^ 
for  example,  the  body  is  divided  into  three  distinct  sections,  viz : 
the  head,  containing  the  organs  of  prehension,  mastication,  tact 
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and  special  sense ;  the  chest,  upon  which  are  concentrated  the  or- 
gans of  locomotion,  the  legs  and  wings ;  and  the  abdomen,  contain- 
ing the  greater  part  of  the  alimentary  canal,  together  with  the 
glandular  and  generative  organs.  As  th^  insects  have  a  greater 
amount  of  intelligence  and  activity  than  the  centipedes  and  other 
worm-like  articulata,  and  as  the  organs  of  special  sense  are  more 
perfect  in  them,  the  cerebral  ganglia  are  also  unusually  developed, 
and  are  evidently  composed  of  several  pairs^  connected  by  commis- 
sures so  as  to  form  a  compound  mass.  As  the  organs  of  locomo- 
tion, furthermore,  instead  of  being  distributed,  as  in  the  centipede, 
throughout  the  entire  length  of  the  animal,  are  concentrated  upon 
the  chest,  the  locotnotory  ganglia  also  preponderate  in  size  in  this 
region  of  the  body ;  while  the  ganglia  which  preside  over  the  secre- 
tory and  generative  functions  are  situated  together,  in  the  cavity  of 
the  abdomen. 

All  the  above  parts,  however,  are  connected,  in  the  same  manner 
as  previously  described,  with  the  anterior  or  cerebral  pair  of  gan- 
glia. In  all  articulate  animals,  moreover,  the  general  arrangement 
of  the  body  is  symmetrical.  The  right  side  is^  for  the  most  part^ 
precisely  like  the  left,  as  well  in  the  internal  organs  as  in  the  ex- 
ternal covering  and  Che  locomotory  appendages.  The  only  marked 
variation  between  different  parts  of  the  body  is  in  an  antero-pos- 
terior  direction ;  owing  to  different  organs  being  concentrated,  in 
some  cases,  in  the  head,  chest,  and  abdomen. 

Finally,  in  the  vertebrate  type  of  animals,  comprising  man,  the 
quadrupeds,  birds,  reptiles,  and  fish,  the  external  parts  of  the  body, 
together  with  the  locomotory  apparatus  and  the  organs  of  special 
sense,  are  symmetrical,  as  in  the  articulata ;  but  the  internal  organs, 
especially  those  concerned  in  the  digestive  and  secretory  functions, 
are  unsymmetrical  and  irregular,  as  in  the  molluscs.  The  organs 
of  respiration,  however,  are  nearly  symmetrical  in  the  vertebrata, 
for  the  reason  that  the  respiratory  movements,  upon  which  the 
function  of  these  organs  is  immediately  dependent,  are  performed 
by  muscles  belonging  to  the  general  locomotory  apparatus.  The 
nervous  system  of  the  vertebrata  partakes,  accordingly,  of  the  struc- 
tural arrangement  of  the  organs  under  its  control.  That  portion 
which  presides  over  the  locomotory,  respiratory,  sensitive,  and  in- 
tellectual functions  forms  a  system  by  itself,  called  the  cerebrthspinal 
system.  This  system  is  arranged  in  a  manner  very  similar  to  that 
of  the  articulata.  It  is  composed  of  two  equal  and  symmetrical 
halves,  running  along  the  median  line  of  the  body,  the  different 
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parts  of  which  are  oonnecied  by  transverse  and  longituiiinal  cum- 
midsurea.  Its  ganglia  occupy  tho  cavities  of  the  cranium  and  the 
apinat  canal,  and  send  out  their  nerves  through  openings  in  tho 
bony  walls  of  these  cuvities. 

The  other  portion  of  the  nervous  system  of  vertebrata  ia  that 
which  presides  over  the  functions  of  vegetative  life.  It  ia  called 
the  t/aniflionic  or  grtal  symjiallietir,  system.  Its  ganglia  are  situated 
Anteriorly  to  the  spinal  column,  in  the  visceral  cavities  of  the  body, 
and  are  eonnected,  like  the  others,  by  truisverse  and  longitudinal 
commissures.  This  part  of  the  nervous  system  is  symmetrical  in 
the  neck  and  thorax,  but  ia  uusymmelrical  in  the  abdomen,  where 
it  attains  its  largest  size  and  its  most  complete  development. 

The  vertebrate  animals,  aa  a  general  rule,  are  very  much  superior 
to  the  other  classes,  in  intelligence  and  activity,  as  well  as  in  the 
variety  and  complicated  character  of  their  motions;  while  their 
nutritive  or  vegetative  functions, 
on  the  oiher  hand,  are  not  particu- 
larly weir  developed.  Accordingly 
we  find  tlint  in  these  animals  the 
cerebro-spinal  system  of  nerves 
prepomierates  vV-ry  much,  in  im- 
jjortmce  and  extent,  over  that  ' 
the  great  sympathetic.  The  quan- 
tity of  neryous  matter  contained 
in  the  brSin  and  spinal  cord  is, 
even  in  the  lowest  vertebrate  ani- 
mal, very  muiih  greater  than  that 
contained  in  the  system  of  tlie  great 
aympathetic;  and  this  preponder- 
ance increases,  in  tlie  higher  classes, 
just  in  proportion  to  their  supe- 
riority in  intelligence,  sensation, 
power  of  motion,  and  other  func- 
tions of  a  purely  animal  character. 

The  spinal  cord   is  very  nearly 
alike  in  the  different  classes  of  ver- 
tebrate  animals.      It   is   a   nearly 
cylindrical  cord,  running  from  one    — iceMhmn..  i  cufub-iimii  1.1,3.  spim.! 
end  of  the  spinal  canal  to  the  other,    X.'t.  tL^"tM^m.  "'  "  ""'" 

and   connected   at  its  anterior   ex- 

mity  with  the  ganglia  of  the  brain.  (Fig.  126.)     It  is  divided, 
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by  aQ  anterior  and  posterior  median  fissure,  into  two  lateral  Iialva^ 
which  still  remain  connected  with  each  other  by  a  central  mass  ur 
commisaure.  Its  inner  portions  are  occupied  by  gray  matter, 
which  forms  a  continuous  ganglionic  chain,  running  from  one  ex- 
tremity of  the  cord  to  the  other.  Its  outer  portions  are  composed 
of  white  substance,  the  filaments  of  which  run  for  the  most  part  in 
a  longitudinal  direction,  connecting  the  different  parts  of  the  cord 
with  each  other,  and  the  cord  itself  with  the  ganglia  of  the  brain. 

The  spinal  nerves  are  given  off  from  the  spinal  cord  at  regular 
intervals,  and  in  symmetrical  pairs;  one  pair  to  each  successive 
portion  of  the  body.  Their  filaments  are  distributed  to  the  integu- 
ment and  muscles  of  the  corresponding  regions.  In  serpents,  where 
locomotion  ia  performed  by  simple,  alternate,  lateral  movements 
of  the  spinal  column,  the  spinal  cord  and  its  nerves  are  of  the 
same  size  throughout.  But  in  the  other  vertebrate  classes,  where 
there  exist  special  organs  of  locomotion,  such  as  fore  and  hind 
legs,  wings,  and  the  like,  the  spinal  cord  is  increased  in  size  at 
the  points  where  the  nerves  of  these  organs  are  given  off;  and  the 
nerves  themselves,  which  supply  the  limbs,  are  larger  than  those 
originating  from  other  parts  of  the  spinal  cord.  Thus,  in  the  hu- 
man subject  (Fig.  126).  the  cervical  nerves,  which  go  to  the  arms, 
and  the  sacral  nerves,  which  are  distributed  to  the  legs,  are  larger 
than  the  dorsal  and  lumbar  nerves.  They  form,  also,  by  frequent 
inosculation,  two  remarkable  plexuses,  before  entering  their  corre- 
sponding limbs,  viz.,  the  bra- 
chial plexus  above,  and  the 
saoral  plexus  below.  The 
cord  itsiilf,  moreover,  pre- 
sents two  enlargements  at 
the  jwiiit  of  origin  of  iheae 
nerves,  viz.,  the  cervical  en- 
■gement  from  which  the 
brachial  nerves  (*,  t)  are 
given  oft)  and  the  lumbar 
enlargement  from  whitdi  the 
sacral  nerves  (a.  *)  originate. 
t.  G^attioaai  t«friar\aoi."'""  ' If  the  spiual  cord  be  exa- 
mined in  transverse  section 
(Fig.  127),  it  will  be  seen  that  the  gray  matter  in  its  central  portion 
forms  a  double  crescen  tic -shaped  mass,  with  the  concavity  of  the 
3  turned  outward.     These  crescentic  masses  of  gray  i 
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occupying  the  two  lateral  halves  of  the  cord,  are  united  with  each 
other  Vy  &  transverse  band  of  the  same  substance,  which  is  called 
the  gray  commissure  of  the  cord.  Directly  in  front  of  this  is  a  trans- 
verse band  of  white  substance,  connecting  in  a  similar  manner  the 
white  portions  of  the  two  lateral  halves.  It  ii  called  the  white 
commissure  of  the  cord. 

The  spinal  nerves  originate  from  the  cord  on  each  side  by  two 
distinct  roots ;  one  anterior,  and  one  posterior.  The  anterior  root 
(Fig.  127,  d)  arises  from  the  surface  of  the  cord  near  the  extremity 
of  the  anterior  peak  of  gray  matter.  The  posterior  root  (e)  origi- 
nates at  the  point  corresponding  with  the  posterior  peak  of  gray 
matter.  Both  roots  are  composed  of  a  considerable  number  of 
ultimate  nervous  filaments,  united  with  each  other  in  parallel 
bundles.  The  posterior  root  is  distinguished  by  the  presence  of  a 
small  ganglion  {c\  which  appears  to  be  incorporated  with  it,  and 
through  which  its  fibres  pass.  There  is  no  such  ganglion  on  the 
anterior  root.  The  two  roots  unite  with  each  other  shortly  after 
leaving  the  cavity  of  the  spinal  canal,  and  mingle  their  filaments 
in  a  single  trunk. 

It  will  be  seen,  on  referring  to  the  diagram  (Fig.  127),  that  each 
lateral  half  of  the  spinal  cord  is  divided  into  two  portions,  an 
anterior  and  a  posterior  portion.  The  posterior  peak  of  gray  mat- 
ter comes  quite  up  to  the  surface  of  the  cord,  and  it  is  just  at  this 
point  (e)  that  the  posterior  roots  of  the  nerves  have  their  origin. 
The  whole  of  the  white  substance  included  between  this  point  and 
the  posterior  median  fissure  is  called  the  posterior  column  of  the 
cord.  That  which  is  included  between  the  same  point  and  the 
anterior  median  fissure  is  the  anterior  column  of  the  cord.  The 
white  substance  of  the  cord  may  then  be  regarded  as  consisting 
for  the  most  part  of  four  longitudinal  bundles  of  nervous  filaments, 
viz.,  the  right  and  left  anterior,  and  the  right  and  left  posterior 
columns.  The  posterior  median  fissure  penetrates  deeply  into  the 
substance  of  the  cord,  quite  down  to  the  gray  matter,  so  that  the 
posterior  columns  appear  entirely  separated  from  each  other  in  a 
transverse  section ;  while  the  anterior  median  fissure  is  more  shal- 
low and  stops  short  of  the  gray  matter,  so  that  the  anterior  columns 
are  connected  with  each  other  by  the  white  commissure  above  men- 
tioned. 

By  the  encephahn  we  mean  the  whole  of  that  portion  of  the 
cerebro  spinal  system  which  is  contained  in  the  cranial  cavity.  It 
is  divided  into  three  principal  parts,  viz.,  the  cerebrum,  cerebellum, 
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and  medulla  oblongata.  The  anatomy  of  these  parts,  though  aoi 
what  complicated,  can  be  readily  understood  it'  it  be  reoolleoted 
that  they  are  simply  a  doithk  series  of  nervous  ganglia,  connected  with 
each  other  and  with  the  spinnl  cord  by  transverse  and  longitudinal 
commissures.  The  number  and  relative  size  of  these  ganglia,  in 
different  kinds  of  animals,  depend  upon  the  perfection  of  the  bodily 
organization  in  general,  and  more  especially  on  that  of  the  intelli- 
gence and  the  sjiecial  senses.  They  are  moat  readily  described  by 
commencing  with  the  simpler  forms  and  terminating  with  the  mor« 
complex. 

The  brain  of  the  Alligator  (Fig.  128)  consists  of  five  pair  of 
ganglia,  ranged  one  behind  tho  other  in  the  interior  of  the  cranium. 
The  first  of  these  are  two  rounded  ma33es(i),  lying  just  above  and 
behind  the  nasal  cavities,  which  distri- 
bute their  nerves  upon  the  Schneiderian 
B  mucous  membrane.  These  are  the  olfac- 
lory  ganglia.  They  are  connected  with 
the  rest  of  the  brain  by  two  long  and 
slender  commissures,  the  "  olfactory 
missures."  The  next  pair  (n)  are  soi 
what  larger  and  of  a  triangular  shapi^ 
when  viewed  from  above  downward. 
They  are  termed  the  "  cerebral  ganglia," 
or  the  hemispheres.  Immediately  follow- 
ing them  are  two  quadrangular  masses  (») 
which  give  origin  to  the  optic  nerves,  and 
are  therefore  called  the  oplic  gang] 
They  are  termed  also  the  "  optic  to' 
B«4n  gr  Ar.LimtMR -I  oi-  clcs ;"  and  iu  some  of  the  high 
^.twrj  ■■■"[J'  *,  U"ni*pi'p"".  a  where  they  present  an  imperfect  divisii 
into  four  nearly  equal  parts,  they  are 
known  as  the  "  tubercula  quadrigemina," 
Behind  them,  we  have  a  single  triangular  collection  of  nerv4 
matler(*),  which  is  called  the  cerebellum.  Finally,  the  upper 
tion  of  the  cord,  just  behind  and  beneath  the  cerebellum,  is  sei 
be  enlarged  and  spread  out  laterally,  so  as  to  form  a  broad  oblong 
maas(6),  the  medttlla  oblongata.  It  is  from  this  latter  portion  of  the 
brain  that  the  pneumogaslric  or  respiratory  nerves  originate,  and 
its  ganglia  are  therefore  sometimes  termed  the  "  pneumogastrio' 
"respiratory"  ganglia. 
It  will  be  seen  that  the  posterior  columns  of  the  cord,  as  tlu 
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diverge  laterally  in  order  to  form  the  medulla  oblongata,  leave  be- 
tween tbem  an  o{>en  space,  which  is  continuous  with  the  posterior 
median  lissure  of  the  cord.  This  space  is  known  as  the  "fourth 
ventricle."  It  is  partially  covered  in  by  the  backward  projection 
of  the  cerebellum,  but  in  the  alligator  is  still  somewhat  open  pos- 
teriorly, presenting  a  kind  of  chasm  or  gap  between  the  two  lateral 
halves  of  the  medulla  oblongata. 

The  successive  ganglia  which  compose  the  brain,  being  arranged 
iu  pairs  as  above  described,  are  separated  from  each  other  on  the 
two  sides  by  a  longitudinal  median  fissure,  which  is  continuous 
with  the  posterior  median  fissure  of  the  cord.  In  the  brain  of  the 
alligator  this  fissure  appears  to  be  interrupted  at  the  cerebellum ; 
but  in  the  higher  classes,  where  the  lateral  portions  of  the  cerebel- 
lum are  more  highly  developed,  as  in  the  human  subject  (Fig.  126)* 
they  are  also  separated  from  each  other  posteriorly  on  the  median 
line,  and  the  longitudinal  median  fissure  is  complete  throughout. 

In  hirda,  the  hemispheres  are  of  much  larger  size  than  in  rep- 
tiles, and  partially  conceal  the  optic  ganglia.  The  cerebellum, 
also,  is  very  well  developed  in  this  class,  and  presents  on  its  sur- 
face a  number  of  transverse  foldings  or  convolutions  by  which 
the  quantity  of  gray  matter  which 
it  contains  is  considerably  in- 
creased. The  cerebellum  here 
extends  ho  far  backward  as  almost 
completeiyto  conceal  the  medulla 
oblongata  and  the  fourth  ven- 
tricle. 

In  the  qtiadrupe<b,  the  hemis- 
pheres and  cerebellum  attain  a 
still  greater  size  in  proportion  to 
the  remaining  parts  of  the  brain. 
There  are  also  two  other  pairs  of 
ganglia,  situated  beneath  the  he- 
mispherea,  and  between  them  and 
the  tubercula  quadrigemina. 
These  are  the  corpora  striata  in 
front  and  the  optic  (Aa/amt  behind,  i,  o'i»e'inrTgiBiii"»"V  iIjtn™pi.«'r'I.'.™i'[B«j 
In  Fig.  129  is  shown  the  brain  of  ""'"■  »  rorpon..iri.i..  a.  opii«<i,.i.»i, 
the  rabbit,  with  the  hemispheres 

laid  open  and  turned  aside,  so  as  to  show  the  internal  parts  in  their 
natural  situation.     The  olfactory  ganglia  are  seen  in  front  (i)  con- 
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neoted  with  the  reroaining  parte  b;  the  olfactoiy  oommiBsoreg,  The 
separation  of  the  hemispheres  («,  i)  shows  the  corpora  striata  (■)  uid' 
the  optic  thalami  {*).  Then  come  the  tubercula  quadrigemioa  (^V 
which  are  here  oompoaed,  aa  above  roeotiooed,  of  four  ronnded 
masses  nearly  equal  in  size.  The  cerebellum  (<)  is  considerably  en- 
larged  bj  the  development  of  its  lateral  portions,  and  shows  an 
abundance  of  transverse  convolutions.  It  conceals  from  view  the- 
fourth  ventricle  and  most  of  the  medulla  oblongata. 

Id  other  species  of  quadrupeds  the  hemispheres  increase  in  size 
BO  aa  to  project  entirely  over  the  olfactory  ganglia  in  front,  and  to 
cover  in  the  tubercula  quadrigemiua  and  the  cerebellum  behind, 
The  surface  of  the  hemispheres  also  becomes  covered  with  name-' 
rous  convolutions,  which  are  curvilinear  and  somewhat  irregular 
in  form  and  direction,  instead  of  being  transverse,  like  those  of  the 
cerebellum.  In  man,  the  development  of  the  hemispheres  reaches 
its  highest  point ;  so  that  they  preponderate  altogether  in  size  over 
the  rest  of  the  ganglia  constituting  the  brain.  In  the  hnman  brain, 
accordingly,  when  viewed  from  above  downward,  there  is  nothing 
to  be  seen  but  the  convex  surfaces  of  the  hemiepberes ;  and  even 
in  a  posterior  view,  as  seen  in  Fig.  126,  they  conceal  everything 
but  a  portion  of  the  cerebellum.  All  the  remaining  parts,  how- 
ever, exist  even  here,  and  have  the  same  connections  and  relative 
situation  aa  in  other  instances.  They  may 
best  be  studied  in  the  following  order. 

As  the  spinal  cord,  in  the  human  subject, 
passes  upward  into  the  cranial  cavity,  it  en- 
larges into  the  medulla  oblongata  as  already 
described.  The  medulla  oblongata  presents 
on  each  side  three  projections,  two  anterior 
and  one  posterior.  The  middle  projecdona 
on  its  anterior  surface  (Fig.  180,  i,  i),  which 
are  called  the  anterior  pyramids,  are  the  con- 
tinuation of  the  anterior  columns  of  the  cord. 
I"  tj-  They  pass  onward,  underneath  the  transverse 
"i  D^  fibres  of  the  pons  Varolii,  run  upward  to  the 
cDumLioi  at  lbs  inKri,.!  to-  corpora  striata,  pass  through  these  bodies, 
■iTiii'  Mn  "wTinio.ild  ibon  "id  radiate  upward  and  outward  from  their 
b^iheir»o.n;r«iiii»iofihe  extemal  8urfap«,  to  terminate  in  the  gray 
*"""   ""  matter  of  the  hemispheres.     The  projections 

immediately  on  the  outside  of  the  anterior  pyramids,  in  the  medulla 
oblongata,  are  the  olivary  bodiea  (:>,  «).     They  contain  in  their  in- 
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terior  a  thin  layer  of  gray  matter  folded  upon  itself,  the  functions 
and  connections  of  which  are  but  little  understood,  and  are  not, 
apparently,  of  very  great  importance. 

The  anterior  columns  of  the  cord  present,  at  the  lower  part  of  the 
medulla  oblongata,  a  remarkable  interchange  or  crossing  of  their 
fibres  (4).  The  fibres  of  the  left  anterior  column  pass  across  the 
median  line  at  this  spot,  and  becoming  continuous  with  the  right 
anterior  pyramid,  are  finally  distributed  to  the  right  side  of  the 
cerebrum ;  while  the  fibres  of  the  right  anterior  column,  passing 
over  to  the  left  anterior  pyramid,  are  distributed  to  the  left  side  of 
the  cerebrum.  This  interchange  or  crossing  of  the  nervous  fibres 
is  known  as  the  decussation  of  the  anterior  columns  of  the  cord. 

The  posterior  columns  of  the  cord,  as  they  diverge  on  each  side 
of  the  fourth  ventricle,  form  the  posterior  and  lateral  projections  of 
the  medulla  oblongata  (3,  a).  They  are  sometimes  called  the  "res- 
tiform  bodies,"  and  are  extremely  important  parts  of  the  brain. 
They  consist  in  great  measure  of  the  longitudinal  filaments  of 
the  posterior  columns,  which  pass  upward  and  outward,  and  are 
distributed  partly  to  the  gray  matter  of  the  cerebellum.  The 
remainder  then  pass  forward,  underneath  the  tubercula  quadri- 
gemina,  into  and  through  the  optic  thalami ;  and  radiating  thence 
upward  and  outward,  are  distributed,  like  the  continuation  of  the 
anterior  columns,  to  the  gray  matter  of  the  cerebrum.  The  resti- 
form  bodies,  however,  in  passing  upward  to  the  cerebellum,  are 
supplied  with  some  fibres  from  the  anterior  columns  of  the  cord, 
which,  leaving  the  lower  portion  of  the  anterior  pyramids,  join  the 
restiform  bodies,  and  are  distributed  with  them  to  the  cerebellum. 
From  this  description  it  will  be  seen  that  both  the  cerebrum  and 
the  cerebellum  are  supplied  with  filaments  from  both  the  anterior 
and  posterior  columns  of  the  cord. 

In  the  substance  of  each  restiform  body,  moreover,  there  is  im- 
bedded a  ganglion  which  gives  origin  to  the  pneumogastric  nerve, 
and  presides  over  the  functions  of  respiration.     This  ganglion  is  I 
surrounded  and  covered  by  the  longitudinal  fibres  passing  upward  I 
from  the  cord  to  the  cerebellum,  but  may  be  discovered  by  cutting 
into  the  substance  of  the  restiform  body,  in  which  it  is  buried.    It  I 
is  the  first  important  ganglion  met  with,  in  dissecting  the  brain  | 
from  below  upward. 

While  the  anterior  columns  are  passing  beneath  the  pons  Varolii, 
they  form,  together  with  the  continuation  of  the  posterior  columns 
and  the  transverse  fibres  of  the  pons  itself,  a  rounded  prominence 
25 
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or  tuberosity,  wliit;k  is  kuowu  by  the  name  of  the  ( 
la  the  deeper  portions  of  this  protuberanoe  there  la  situated,  Hmoog 
the  longitudinal  fibres,  another  collection  of  gray  matter,  which 
though  uot  of  large  sixe,  has  very  important  funutiona  and  coDnea- 
tions.     This  is  known  as  the  ganglion  of  the  tuber  unnulart. 

Situated  almost  immediately'  above  these  parte  we  have  the  cor- 
pora striata  in  front,  and  the  optic  thalami  behind,  nearly  eqaal  in 
size,  and  giving  passage,  as  above  described,  to  the  fibres  of  the 
anterior  and  posterior  columns.  Behind  them  still,  and  on  a  little 
lower  level,  are  the  tubercula  quadrigemina,  giving  origin  to  the 
optic  nerves.  The  olfactory  ganglia  rest  upon  the  cribriform  plate 
of  the  ethmoid  bone,  and  send  the  olfactory  filaments  through  the 
perforations  in  this  plate,  to  be  distributed  upon  the  mucous  mem- 
brane of  the  upper  and  middle  turbinated  bones.  The  cerebellum 
covers  in  the  fourth  ventricle  and  the  posterior  surface  of  tl 
medulla  oblongata ;  and  finally  the  cerebrum,  which  has  atti 
the  size  of  the  largest  ganglion  in  the  cranial  cavity,  extends  so 
in  all  directions,  forward,  backward,  and  laterally,  as  to  form  a 
voluted  arch  or  vault,  completely  covering  all  the  remaining  pans 
of  the  encephalon. 

The  entire  brain  may  therefore  be  regarded  as  a  connected 

of  ganglia,  the  arrangement 
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which  isshown  in  theaccom  pal 
ing  diagram.  {Fig.  131.)  The6e 
ganglia  occur  in  the  following 
order,  countingfrom  before  back- 
ward :  1st.  The  olfactory  gan- 
glia. 2d.  The  cerebrum  or  hemi- 
spherea.  Sd.  The  corpora  striata. 
4th.  The  optic  thalami.  5th. 
tubercula  quadrigemina. 
The  cerebellum.  7th.  The 
glion  of  the  tuber  annulare,  Aod 
8th.  The  ganglion  of  the  medulla 
oblongata.  Of  these  ganglia, 
m  gma-  Only  the  hemispheres  and  cere- 
'riTinra  tielluin  oi""  convoluted,  while  the 
i».i.iu..  remainder  are  smooth  and  round- 
""  *"^  ed  or  somewhat  irregular  in 
shape.  The  course  of  the  fibre* 
id  posterior  columns  of  the  cord  is 
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to  be  seen  in  the  aocompanying  figure*  A  portion  of  the  anterior 
libresy  we  have  already  observed;  pass  upward  and  backward;  with 
the  restifbrm  bodies,  to  the  cerebellum ;  while  the  remainder  run 
forward  through  the  tuber  annulare  and  the  corpus  striatum;  and 
then  radiate  to  the  gray  matter  of  the  cerebrum.  The  posterior 
fibres,  constituting  the  restiibrm  body,  are  distributed  partly  to  the 
cerebellum,  and  then  pass  forward,  as  previously  described,  under- 
neath the  tuberoula  quadrigemina  to  the  optic  thalmi,  whence  they 
are  also  finally  distributed  to  the  gray  matter  of  the  cerebrum. 

*  The  cerebrum  and  cerebellum,  each  of  which  is  divided  into  two 
lateral  halves  or  ''  lobes^''  by  the  great  longitudinal  fissure,  are  both 
provided  with  transverse  commissures,  by  which  a  connection  is 
established  between  their  right  and  left  sides.  The  great  trans- 
verse commissure  of  the  cerebrum  is  that  layer  of  white  substance 
which  is  situated  at  the  bottom  of  the  longitudinal  fissure,  and 
which  is  generally  known  by  the  name  of  the  ''  corpus  callosum.'' 
It  consists  of  nervous  filaments,  which  originate  from  the  gray 
matter  of  one  hemisphere,  converge  to  the  centre,  where  they  be- 
come parallel,  cross  the  median  line,  and  are  finally  distributed  to 
the  corresponding  parts  of  the  hemisphere  upon  the  opposite  side. 
The  transverse  commissure  of  the  cerebellum  is  the  pons  Varolii. 
Its  fibres  converge  from  the  gray  matter  of  the  cerebellum  on  one 
side,  and  pass  across  to  the  opposite ;  encircling  the  tuber  annulare 
with  a  band  of  parallel  curved  fibres,  to  which  the  name  of  "  pons 
Varolii"  has  been  given  from  their  resemblance  to  an  arched  bridge. 

The  oerebro-spinal  system,  therefore,  consists  of  a  series  of  gan- 
glia situated  in  the  cranio-spinal  cavities,  connected  with  each  other 
by  transverse  and  longitudinal  commissures,  and  sending  out  nerves 
to  the  corresponding  parts  of  the  body.  The  spinal  cord  supplies 
the  integument  and  muscles  of  the  neck,  trunk,  and  extremities ; 
while  the  ganglia  of  the  brain,  besides  supplying  the  corresponding 
parts  of  the  head,  preside  also  over  the  organs  of  special  sense,  and 
perform  various  other  functions  of  a  purely  nervous  character. 
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CHAPTER    II. 

OP  NERVOUS  IRRITABILITY  AND  ITS  MODE   OP 

ACTION. 

We  have  already  mentioned,  in  a  previous  chapter,  that  every 
organ  in  the  body  is  endowed  with  the  property  of  irritability;  that 
is,  the  property  of  reacting  in  some  peculiar  manner  when  subjected 
to  the  action  of  a  direct  stimulus.  Thus  the  irritability  of  a  gland 
shows  itself  by  increased  secretion,  that  of  the  capillary  vessels  by 
congestion,  that  of  the  muscles  by  contraction.  Now  the  irritability 
of  the  muscles,  indicated  as  above  by  their  contraction,  is  extremely 
serviceable  as  a  means  of  studying  and  exhibiting  nervous  pheno- 
mena. We  shall  therefore  commence  this  chapter  by  a  study  of 
some  of  the  more  important  facts  relating  to  muscular  irritability. 
The  irritability  of  the  muscles  is  a  property  inherent  in  the  muscular 
fibre  Usdf.  The  existence  of  muscular  irritability  cannot  be  ex- 
plained by  any  known  physical  or  chemical  laws,  so  far  as  they 
relate  to  inorganic  substances.  It  must  be  regarded  simply  as  a 
\  peculiar  property,  directly  dependent  on  the  structure  and  consti- 
;  tution  of  the  muscular  fibre;  just  as  the  property  of  emitting  light 
belongs  to  phosphorus,  or  that  of  combining  with  metals  to  oxygen. 
This  property  may  be  called  into  action  by  various  kinds  of  stimu- 
lus ;  as  by  pinching  the  muscular  fibre,  or  pricking  it  with  the  point 
of  a  needle,  the  application  of  an  acid  or  alkaline  solution,  or  the 
discharge  of  a  galvanic  battery.  All  these  irritating  applications 
are  immediately  followed  by  contraction  of  the  muscular  fibre. 
This  contraction  will  even  take  plae«  under  the  microscope,  when 
the  fibre  is  entirely  isolated,  and  removed  from  contact  with  any 
other  tissue ;  showing  that  the  properties  of  contraction  and  irrita- 
bility reside  in  the  fibre  itself,  and  are  not  communicated  to  it  by 
other  parts. 

Muscular  irritability  continues  for  a  certain  time  after  death.  The 
stoppage  of  respiration  and  circulation  does  not  at  once  destroy 
the  vital  properties  of  the  tissues,  but  nearly  all  of  them  retain 
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these  properties  to  a  certain  extent  for  some  time  afterward.  It  is 
only  when  the  constitution  of  the  tissues  has  become  altered  by 
being  deprived  of  blood,  and  by  the  consequent  derangement  of 
the  nutritive  process,  that  their  characteristic  properties  are  finally 
lost.  Thus,  in  the  muscles,  irritability  and  contractility  may  be 
easily  shown  to  exist  for  a  short  time  after  death  by  applying  to 
the  exposed  muscular  fibre  the  same  kind  of  stimulus  that  we  have 
already  found  to  affect  it  during  life.  It  is  easy  to  see,  in  the 
muscles  of  the  ox,  after  the  animal  has  been  killed,  flayed,  and 
eviscerated,  different  bundles  of  muscular  fibres  contracting  irregu- 
larly for  a  long  time,  where  they  are  exposed  to  the  contact  of  the 
air.  Even  in  the  human  subject  the  same  phenomenon  may  be 
seen  in  cases  of  amputation ;  the  exposed  muscles  of  the  amputated 
limb  frequently  twitching  and  quivering  for  many  minutes  after 
their  separation  from  the  body. 

The  duration  of  muscular  irritability,  after  death,  varies  consider- 
ably in  different  classes  of  animals.  It  disappears  most  rapidly 
in  those  whose  circulation  and  respiration  are  naturally  the  most 
active ;  while  it  ccmtinues  for  a  longer  time  in  those  whose  circula- 
tion and  respiration  are  sluggish.  Thus  in  birds  the  muscular 
irritability  continues  only  a  few  minutes  after  the  death  of  the 
animal.  In  quadrupeds  it  lasts  somewhat  longer ; 
while  in  reptiles  it  remains,  under  favorable  cir- 
cumstances, for  many  hours.  The  cause  of  this 
difference  is  probably  that^  in  birds  and  quadrupeds, 
the  tissues  being  very  vascular,  and  the  molecular 
changes  of  nutrition  going  on  with  rapidity,  the 
constitution  of  the  muscular  fibre  becomes  so 
rapidly  altered  after  the  circulation  has  ceased, 
that  its  irritability  soon  disappears.  In  reptiles, 
on  the  other  hand,  the  tissues  are  less  vascular 
than  in  birds  and  quadrupeds,  and  all  the  nutritive 
changes  go  on  more  slowly.  Respiration  and  cir- 
culation can  therefore  be  dispensed  with  for  a  longer 
period,  before  the  constitution  of  the  tissues  be- 
comes so  much  altered  as  to  destroy  altogether  p»oo'»  l no,  with 
their  vital  properties.  p"'**  ^^  K»w*nic  ui- 

Owing  to  this  peculiarity  of  the  cold-blooded  niB^«.^a,6. 
animals,  their  tissues  may  be  used  with  great  ad- 
vantage for  purposes  of  experiment.    If  a  frog's  leg,  for  example, 
be  separated  from  the  body  of  the  animal  (Fig.  182),  the  skin 
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removed,  and  the  poles  of  a  galvanic  apparatus  applied  to  the  sur- 
face of  the  muscle  (a,  h),  a  contraction  takes  place  every  time  the 
circuit  is  completed  and  a  discharge  passed  through  the  tissues  of 
the  limb.  The  leg  of  the  frog,  prepared  in  this  way,  may  he  em- 
ployed for  a  long  time  for  the  purpose  of  exhibiting  the  effect  of 
various  kinds  of  stimulus  upon  the  muscles.  All  the  mechanical 
and  chemical  irritants  which  we  have  mentioned,  pricking,  pinching, 
cauterization,  galvanism,  &C.,  act  with  more  or  less  energy  and 
promptitude,  though  the  most  efficient  of  all  is  the  electric  discharge. 
Ooniintied  irritation  exhausts  the  irritability  of  the  muscles.  It  is 
found  that  the  irritability  of  the  muscles  wears  out  after  death  more 
rapidly  if  they  be  artificially  excited,  than  if  they  be  allowed  to 
remain  at  rest.  During  life,  the  only  habitual  excitant  of  mus- 
cular contraction  is  the  peculiar  stimulus  conveyed  by  the  nerves. 
After  death  this  stimulus  may  be  replaced  or  imitated,  to  a  certain 
extent,  by  other  irritants;  but  their  application  gradually  exhausts 
the  contractility  of  the  muscle  and  hastens  its  final  disappearance, 
j  Under  ordinary  circumstances,  the  post-mortem  irritability  of  the 
;  muscle  remains  until  the  commencement  of  cadaveric  rigidity. 
When  this  has  become  fairly  established,  the  muscles  will  no  longer 
contract  under  the  application  of  an  artificial  stimulus. 

Certain  poisonous  substances  have  the  power  of  destroying  the 
irritability  of  the  muscles  by  a  direct  action  upon  their  tissue. 
Sulphocyanide  of  potassium,  for  example,  introduced  into  the  cir- 
culation in  sufficient  quantity  to  cause  death,  destroys  entirely  the 
muscular  irritability,  so  that  no  contraction  can  afterward  be  pn> 
duced  by  the  application  of  an  external  stimulant. 

Nervous  Irritability, — The  irritability  of  the  nerves  is  the  pro- 
perty by  which  they  may  be  excited  by  an  external  stimulus,  so  as 
to  be  called  into  activity  and  excite  in  their  turn  other  organs  to 
which  their  filaments  are  distributed.  When  a  nerve  is  irritated, 
therefore,  its  power  of  reaction,  or  its  irritability,  can  only  be  esti- 
mated by  the  degree  of  excitement  produced  in  the  organ  to  which 
the  nerve  is  distributed.  A  nerve  running  from  the  integument  to 
the  brain  produces,  when  irritated,  a  painful  sensation ;  one  dis- 
tributed to  a  glandular  organ  produces  increased  secretion ;  one  dis- 
tributed to  a  muscle  produces  contraction.  Of  all  these  effects, 
muscular  contraction  is  found  to  be  the  best  test  and  measure  of 
nervous  irritability,  for  purposes  of  experiment.  Sensation  cannot 
of  course  be  relied  on  for  this  purpose,  since  both  consciousness  and 
volition  are  abolished  at  the  time  of  death.    The  activity  of  the 
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Fig.  133. 


glandular  organs^  owing  to  the  stoppage  of  the  circulatioxi,  disappears 
also  very  rapidly,  or  at  least  cannot  readily  be  demonstrated.  The 
contractility  of  the  muscles,  howeyer,  lasts,  as  we  have  seen,  for  a 
considerable  time  after  death,  and  may  accordingly  be  employe^ 
with  great  readiness  as  a  test  of  nervous  irritability.  The  manner 
of  its  employment  is  as  follows : — 

The  leg  of  a  frog  is  separated  from  the  body  and  stripped  of  its 
integument;  the  sciatic  nerve  having  been  previously  dissected 
out  and  cut  off  at  its  point  of  emergence  from  the 
spinal  canal,  so  that  a  considerable  portion  of  it 
remains  in  connection  with  the  separated  limb. 
(Fig.  188.)  If  the  two  poles  of  a  galvanic  appa- 
ratus be  now  placed  in'  contact  with  different 
points  (a  b)  of  the  exposed  nerve,  and  a  discharge 
allowed  to  pass  between  them,  at  the  moment 
of  discharge  a  sudden  contraction  takes  place  in 
the  muscles  below.  It  will  be  seen  that  this  ex- 
periment is  altogether  different  from  the  one  re- 
presented in  Fig.  182.  In  that  experiment  the 
galvanic  discharge  passes  through  the  muscles 
themselves,  and  acts  upon  then)  by  direct  stim- 
ulus. Here,  however,  the  discharge  passes  only 
from  a  to  5  through  the  tissues  of  the  nerve,  and 
acts  directly  upon  the  nerve  alone;  while  the 
nerve,  acting  upon  the  muscles  by  its  own  pecu- 
liar agency,  causes  in  this  way  a  muscular  con- 
traction. It  is  evident  that  in  order  to  produce 
this  effect,  two  conditions  are  equally  essential :  1st. 
The  irritability  of  the  muscles ;  and  2d.  The  irri- 
tability of  the  nerve.  So  long,  therefore,  as  the 
muscles  are  in  a  healthy  condition,  their  contraction,  under  the 
influence  of  a  stimulus  applied  to  the  nerve,  demonstrates  the  irri- 
tability of  the  latter,  and  may  be  used  as  a  convenient  measure  of 
its  intensity. 

The  irritability  of  the  nerve  continues  after  death.  The  knowledge 
of  this  fact  follows  from  what  has  just  been  said  with  regard  to  ex- 
perimenting upon  the  frog's  leg,  prepared  as  above.  The  irrita- 
bility of  the  nerve,  like  that  of  the  muscle,  depends  directly  upon 
its  anatomical  structure  and  constitution ;  and  so  long  as  these  re- 
main unimpaired,  the  nerve  will  retain  its  vital  properties,  though 
respiration  and  circulation  may  have  ceased.    For  the  same  reason^ 
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also,  as  that  given  above  with  regard  to  the  muscles,  nervous  in 
tability  lasts  much  longer  after  death  in  the  cold-blooded  thaii 
the  warm-blooded  animals.  Various  artificial  irritants  may  be  ei 
ployed  to  call  it  into  activity.  Pinehiog  or  pricking  the  ex] 
nerve  with  steel  instruments,  the  application  of  caustic  liquids, 
the  passage  of  galvanic  discharges,  all  have  this  eSect.  The  elei 
current,  however,  is  much  the  best  means  to  employ  for  this  pi 
pose,  since  it  is  more  delicate  in  its  operation  than  the  others, 
will  oontinue  to  succeed  for  a  longer  time. 

The  nerve  is,  indeed,  so  exceedingly  sensitive  to  the  electric 
rent,  that  it  will  respond  to  it  when  insensible  to  all  other  kinds 
stimulus.     A  frog's  leg  freshly  prepared  with  the  nerve  attachi 
as  in  Fig.  133,  will  react  so  readily  whenever  a  discharge  is  passed 
through  the  nerve,  that  it  forms  an  extremely  delicate  instrument 
for  detecting  the  presence  of  electric  currents  of  low  intensity,  and 
has  even  been  used  for  this  purpose  by  Matteuoci,  under  the  nante 
of  the  "galvanoscopio  frog."     It  is  only  necessary  to  introduce  the 
nerve  as  part  of  the  electric  circuit ;  and  if  even  a  very  feeble  cur- 
rent be  present,  it  is  at  once  betrayed  by  a  muscular  wntraction. 
I      The  superiority  of  electricity  over  other  means  of  elccitiug  nerr* 
1 0U3  action,  such  as  mechanical  violence  or  chemical  agents,  pro- 
'bably  depends  upon  the  fact  that  the  latter  necessarily  alter  njid 
disintegrate  more  or  leas  the  substance  of  the  nerve,  so  that  its  irri- 
tiibility  soon  disappears.     The  electric  current,  on  the  other  hand, 
excites  the  nervous  irritability  without  any  marked  injury  to  the 
substance  of  the  nervous  fibre.     Its  action  may,  therefore,  be  con- 
tinued for  a  longer  period. 

Nervous  irritability,  like  that  of  the  muscles,  is  rschavsted  by 
excitement.  If  a  frog's  leg  be  prepared  as  above,  with  the 
nerve  attached,  and  allowed  to  remain  at  rest  in  a  damp  and 
place,  where  its  tissue  will  not  become  altered  by  desiccation,  the 
nerve  will  remain  irritable  for  many  hours;  but  if  it  be  excited, 
soon  after  its  separation  from  the  body,  by  repeated  galvanic  shocks, 
it  soon  begins  to  react  with  diminished  energy,  and  becomes  gra- 
dually less  and  less  irritable,  until  it  at  last  ceases  to  exhibit  any 
further  excitability.  If  it  be  now  allowed  to  remain  for  a  lime  at 
rest,  its  irritability  will  be  partially  restored ;  and  muscular  contrac- 
tion will  again  ensue  on  the  application  of  s  stimulus  to  the  nerve. 
E-thausted  a  second  time,  and  a  second  time  allowed  to  repose,  it 
will  again  recover  itself;  and  this  may  even  be  repeated  several 
limes  in  succession.     At  each  repetition,  however,  the  recovery  of 
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nervous  irritability  is  less  complete,  until  it  finally  disappears  alto- 
gether, and  can  no  longer  be  recalled. 

Various  accidental  circumstances  tend  to  diminish  or  destroy 
nervous  irritability.  The  action  of  the  looarara  poison,  for  example,  ' 
destroys  at  once  the  irritability  of  the  nerves-;  so  that  in  animals 
killed  by  this  substance,  no  muscular  contraction  takes  place  on 
irritating  the  nervous  trunk.  Severe  and  sudden  mechanical  inju- 
ries often  have  the  same  effect ;  as  where  death  is  produced  by 
violent  and  extensive  crushing  or  laceration  of  the  body  or  limbs. 
Such  an  injury  produces  a  general  disturbance^  or  shock  as  it  is 
called,  which  affects  the  entire  nervous  system,  and  destroys  or 
suspends  its  irritability.  The  effects  of  such  a  nervous  shock  may 
frequently  be  seen  in  the  human  subject  after  railroad  accidents^ 
where  the  patient,  though  very  extensively  injured,  may  remain 
for  some  hours  without  feeling  the  pain  of  his  wounds.  It  is  only 
after  reaction  has  taken  place,  and  the  activity  of  the  nerves  has 
been  restored,  that  the  patient  begins  to  be  sensible  of  pain. 

It  will  oft;en  be  found,  on  preparing  the  frog^s  leg  for  experiment 
as  above,  that  immediately  after  the  limb  has  been  separated  from 
the  body  and  the  integument  removed,  the  nerve  is  destitute  of 
irritability.  Its  vitality  has  been  suspended  by  the  violence  in- 
flicted in  the  preparatory  operation.  In  a  few  moments,  however, 
if  kept  under  favorable  conditions,  it  recovers  from  the  shock,  and 
regains  its  natural  irritability. 

The  action  of  the  galvanic  current  upon  the  nerves,  as  first  shown 
by  the  experiments  of  Matteucci,  is  in  many  respects  peculiar.  If 
the  current  be  made  to  traverse  the  nerve  in  the  natural  direction 
of  its  fibres,  viz.,  from  its  origin  towards  its  distribution,  as  from  a 
to  b  in  Fig.  1S3,  it  is  called  the  direct  current.  If  it  be  made  to 
pass  in  the  contrary  direction,  as  from  &  to  a,  it  is  called  the  inverse 
current.  When  the  nerve  is  fresh  and  exceedingly  irritable,  a 
muscular  contraction  takes  place  at  both  the  commencement  and 
termination  of  the  current,  whether  it  be  direct  or  inverse.  But 
very  soon  afterward,  when  the  activity  of  the  nerve  has  become 
somewhat  diminished,  it  will  be  found  that  contraction  takes  place 
only  at  the  commencement  of  the  direct  and  at  the  termination  of  the 
inverse  current  This  may  readily  be  shown  by  preparing  the  two 
legs  of  the  same  frog  in  such  a  manner  that  they  remain  connected 
with  each  other  by  the  sciatic  nerves  and  that  portion  of  the  spinal 
column  from  which  these  nerves  take  their  origin.  The  two  legs, 
so  prepared,  should  be  placed  each  in  a  vessel  of  water,  with  the 


S04 


OF   NEBVOUS   IBRITABILITY 


nervous  conDection  banging  between.  (Fig.  134.)  If  the  positive 
pole,  a,  of  the  battery  be  now  placed  in  the  vessel  which  holds  leg 
No.  1,  and  the  negative  pole,  b,  in  that  containing  leg  No.  2,  it  wiU 
be  seen  that  the  galvanic  current  will  traverse  the  two  I^s  in  op* 
posite  directions.  In  No.  1,  it  will  pass  in  a  direction  contrary  to 
the  course  of  its  nervous  fibres^  that  is>  it  will  be  for  this  1^  an 

Pig.  134. 


inverse  current ;  while  in  No.  2  it  will  pass  in  the  same  direction 
with  that  of  the  nervous  fibres,  that  is,  it  will  be  for  this  leg  a  direct 
current.  It  will  now  be  found  that  at  the  moment  when  the  cir- 
cuit is  completed,  a  contraction  takes  place  in  No.  2  by  the  direct 
current,  while  No.  1  remains  at  rest ;  but  at  the  time  the  circuit  is 
broken,  a  contraction  is  produced  in  No.  1  by  the  inverse  current^ 
but  no  movement  takes  place  in  No.  2.  A  succession  of  alternate 
contractions  may  thus  be  produced  in  the  two  legs  by  repeatedly 
closing  and  opening  the  circuit.  If  the  position  of  the  poles,  a,  b, 
be  reversed,  the  effects  of  the  current  will  be  changed  in  a  corre- 
sponding manner. 

After  a  nerve  has  become  exhausted  by  the  direct  current,  it  is 
still  sensitive  to  the  inverse ;  and  after  exhaustion  by  the  inverse, 
it  is  still  sensitive  to  the  direct.    It  has  even  been  found  by  Mat- 

( teucci  that  after  a  nerve  has  been  exhausted  for  the  time  by  the  direct 
current,  the  return  of  its  irritability  is  hastened  by  the  subsequent 

.  passage  of  the  inverse  current ;  so  that  it  will  become  again  sensi- 
tive to  the  direct  current  sooner  than  if  allowed  to  remain  at  rest. 
Nothing,  accordingly,  is  so  exciting  to  a  nerve  as  the  passage  of 
direct  and  inverse  currents,  alternating  with  each  other  in  rapid 
succession.    Such  a  mode  of  applying  the  electric  stimulus  is  that 
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Qsually  adopted  in  the  galvanic  machines  used  in  medical  practice,  I 
for  the  treatment  of  certain  paralytic  affections.    In  these  machines,  I 
the  electric  circuit  is  alternately  formed  and  broken  with  great 
rapidity,  thus  producing  the  greatest  effect  upon  the  nerves  with 
the  smallest  expenditure  of  electricity.    Such  alternating  currents, 
however,  if  very  powerful,  exhaust  the  nervous  irritability  more  ■ 
rapidly  and  completely  than  any  other  kind  of  irritation ;  and  in 
an  animal  killed  by  the  action  of  a  battery  used  in  this  manner,  the 
nerves  may  be  found  to  be  entirely  destitute  of  irritability  from  the  \ 
moment  of  death. 

The  irritability  of  the  nerves  is  distinct  from  thcU  of  the  muscles;  and 
the  two  may  be  destroyed  or  suspended  independently  of  each  other. 
When  the  frog's  leg  has  been  prepared  and  separated  from  the 
body,  with  the  sciatic  nerve  attached,  the  muscles  contract,  as  we 
have  seen,  whenever  the  nerve  is  irritated.  The  irritability  of  the 
nerve,  therefore,  is  manifested  in  this  instance  only  through  that  of 
the  muscle,  and  that  of  the  muscle  is  called  into  action  only  through 
that  of  the  nerve.  The  two  properties  may  be  separated  from  each 
other,  however,  by  the  action  of  woorarti,  which  has  the  power,  as 
first  pointed  out  by  Bernard,  of  destroying  the  irritability  of  the 
nerve  without  affecting  that  of  the  muscles.  If  a  frog  be  poisoned  i 
by  this  substance,  and  the  leg  prepared  as  above,  the  poles  of  a  | 
galvanic  battery  applied  to  the  nerve  will  produce  no  effect ;  show- 
ing that  the  nervous  irritability  has  ceased  to  exist.  But  if  the 
galvanic  discharge  be  passed  directly  through  the  muscles,  contrac* 
don  at  once  takes  place.  The  muscular  irritability  has  survived 
that  of  the  nerves,  and  must  therefore  be  regarded  as  essentially 
distinct  from  it. 

It  will  be  recollected,  on  the  other  hand,  that  in  cases  of  death 
from  the  action  of  sulphocyanide  of  potassium,  the  muscular  irri- 
tability is  itself  destroyed ;  so  that  no  contractions  occur,  even  when 
the  galvanic  discharge  is  made  to  traverse  the  muscular  tissue. 

There  are,  therefore,  two  kincis  of  paralysis :  first,  a  muscular 
paralysis,  in  which  the  muscular  fibres  themselves  are  directly 
afiected ;  and  second,  a  nervous  paralysis,  in  which  the  affection  is 
confined  to  the  nervous  filaments,  the  muscles  retaining  their  natural 
properties,  and  being  still  capable  of  contracting  under  the  influence 
of  a  direct  stimulus. 

Nature  of  the  Nervous  Force. — ^The  special  endowment  by  which 
a  nerve  acts  and  manifests  its  vitality  is  a  peculiar  one,  inherent  in 
the  anatomical  structure  and  constitution  of  the  nervous  tissue.  It  is 
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manifested,  in  the  foregoing  experiments,  by  its  effect  upon  the  con- 
tractile muscles.  But  we  shall  hereafter  see  that  this  is,  in  reality, 
only  one  of  its  results,  and  that  it  shows  itself,  during  life,  by  a 
variety  of  other  influences.  Thus  it  produces,  in  one  case,  sensa- 
tion; in  another,  muscular  contraction;  in  another,  increased  or 
modified  glandukr  activity ;  in  another,  alterations  in  the  pheno- 
mena of  the  circulation.  Tha  force,  however,  which  is  exerted  by 
a  nerve  in  a  state  of  activity,  and  which  brings  about  these  changes, 
is  not  directly  appreciable  in  any  way  by  the  senses,  and  can  be 
judged  of  only  by  its  secondary  effects.  We  understand  enough 
of  its  mode  of  operation,  to  know  that  it  is  not  identical  with  the 
forces  of  chemical  affinity,  of  mechanical  action,  or  of  electricity. 

And  yet,  by  acting  upon  the  organs  to  which  the  nerves  are 
distributed,  it  will  finally  produce  phenomena  of  all  these  different 
kinds.  By  the  intervention  of  the  muscles,  it  results  in  mechanical 
action ;  and  by  its  influence  upon  the  glands  and  bloodvessels,  it 
causes  chemical  alterations  in  the  animal  fluids  of  the  most  import- 
ant character. 

It  will  even  produce  well-marked  electrical  phenomena,  which 
in  some  cases  are  so  decided,  as  to  have  long  attracted  the  attention 
of  physiologists. 

It  has  been  fully  demonstrated  that  certain  fish  (gymnotus  and 
torpedo)  have  the  power  of  generating  electricity,  and  of  producing 
electric  discharges,  which  are  often  sufficiently  powerful  to  kill 
small  animals  that  may  come  within  their  reach.  That  the  force 
generated  by  these  animals  is  in  reality  electricity,  is  beyond  a 
doubt.  It  is  conducted  by  the  same  bodies  which  serve  as  con- 
ductors for  electricity,  and  is  stopped  by  those  which  are  non-con* 
ductors  of  the  same.  All  the  ordinary  phenomena  produced  bj 
the  electric  current,  viz :  the  heating  and  melting  of  a  fine  con- 
ducting  wire,  the  induction  of  secondary  currents  and  of  magnetism, 
the  decomposition  of  saline  solutions,  and  even  the  electric  spark 
have  all  been  produced  by  the  force  generated  by  these  animals. 
There  is,  accordingly,  no  room  for  doubt  as  to  its  nature. 

The  electrical  phenomena,  in  these  cases,  are  produced  by  certain 
organs  which  are  called  into  activity  by  the  nervous  influence. 

The  electrical  organs  of  the  gymnotus  and  torpedo  occupy  a  con- 
siderable portion  of  the  body,  and  are  largely  supplied  with  nerves 
which  regulate  their  function.  If  these  nerves  be  divided,  tied,  or 
injured  in  any  way,  the  electrical  organ  is  weakened  or  paralyzed, 
just  as  the  muscles  would  suffer  if  the  nerves  distributed  to  them 


.     AND   ITS   MODS   OF   ACTION.  897 

were  subjected  to  a  similar  violence.  The  electricity  produced  by 
these  animals,  accordingly,  is  not  supplied  by  the  nerves,  but  by  a 
special  generating  organ,  the  action  of  which  is  regulated  by  nerv- 
ous influence. 

Moreover,  the  experiments  of  Longet  and  Matteucci'  have  shown 
that  no  electrical  current  is  to  be  detected  in  a  living  nerve,  even 
when  in  a  state  of  activity.  The  electrical  phenomenon,  when  it 
exists,  is  only  a  secondary  effect^  and  is  not  the  active  force  residing 
in  the  nervous  tissue.  This  force  is  special  in  its  nature,  and  is 
regulated  by  laws  peculiar  to  itself. 

I  LoDget,  Traits  de  Pbjrslologie.    Paris,  1850,  vol.  ii.  p.  130. 
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CHAPTER    III. 

THE    SPINAL    CORD. 

We  have  already  seen  that  the  spinal  cord  is  a  long  ganglion, 
covered  with  longitudinal  bundles  of  nervous  filaments,  and  occu- 
\  pying  the  cavity  of  the  spinal  canal.  It  sends  out  nerves  which 
supply  the  muscles  and  integument  of  at  least  nine-tenths  of  the 
whole  body,  viz.,  those  of  the  neck,  trunk,  and  extremities.  All 
these  parts  of  the  body  are  endowed  with  two  very  remarkable 
properties,  the  exercise  of  which  depends,  directly  or  indirectly, 
upon  the  intcjfrity  and  activity  of  the  spinal  cord,  viz.,  the  power 
of  sensation  and  the  power  of  motion.  Both  these  properties  are 
said  to  reside  in  the  nervous  system,  because  they  are  so  readily 
influenced  by  its  condition,  and  are  so  closely  connected  with  its 
physiological  action.  We  shall  therefore  commence  the  study  of 
the  spinal  cord  with  an  examination  of  these  two  functions,  and  of 
the  situation  which  they  occupy  in  the  nervous  system. 

SENSATiON'.-7-The  power  of  sensation,  or  sensibility,  is  the  power 
by  which  we  are  enabled  to  receive  impressions  from  external 
objects.  These  impressions  are  usually  of  such  a  nature  that  we 
can  derive  from  them  some  information  in  regard  to  the  qualities 
of  external  objects  and  the  eflFect  which  they  may  produce  upon 
our  own  systems.  Thus,  by  bringing  a  foreign  body  into  contact 
with  the  skin,  we  feel  that  it  is  hard  or  soft,  rough  or  smooth,  cold 
or  warm.  We  can  distinguish  the  separate  impressions  produced 
by  several  bodies  of  a  similar  character,  and  we  can  perceive  whe- 
ther either  one  of  them,  while  in  contact  with  the  skin,  be  at  rest 
or  in  motion.  This  power,  which  is  generally  distributed  over  the 
external  integument,  is  dependent  on  the  nervous  filaments  rami- 
fying in  its  tissue.  For  if  the  nerves  distributed  to  any  part  of  the 
body  be  divided,  the  power  of  sensation  in  the  corresponding  region 
is  immediately  lost. 
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The  sensibility,  thus  distributed  over  the  integument,  varies  in 
its  acuteness  in  different  parts  of  the  body.  Thus,  the  extremities 
of  the  fingers  are  more  sensitive .  to  external  impressions  than  the 
general  surfieu^  of  the  limbs  and  trunk.  The  surfaces  of  the  fingers 
which  lie  in  contact  with  each  other  are  more  sensitive  than  their 
dorsal  or  palmar  surfaces.  The  point  of  the  tongue,  the  lips,  and 
the  orifices  of  most  of  the  mucous  passages  are  endowed  with  a 
sensibility  which  is  more  acute  than  that  of  the  general  integument 

If  the  impression  to  which  these  parts  are  subjected  be  harsh  or 
violent  in  its  character,  or  of  such  a  nature  as  to  injure  the  texture 
of  the  integument  or  its  nerves,  it  then  produces  a  sensation  of  pain,  | 
It  is  essential  to  notice,  however,  that  the  sensation  of  pain  is  not ! 
a  mere  exaggeration  of  ordinary  sensitive  impressions,  but  is  one  i 
of  quite  a  different  character,  which  is  superadded  to  the  others,  or  ; 
takes  their  place  altogether.    Just  in  proportion  as  the  contact  of  a  j 
foreign  body  becomes  painful,  our  ordinary  perceptions  of  its  phy- 
sical properties  are  blunted,  and  the  sense  of  suffering  predominates 
over  ordinary  sensibility.    Thus  if  the  integument  be  gently  touched 
with  the  blade  of  a  knife  we  easily  feel  that  it  is  hard,  cold,  and 
smooth ;  but  if  an  incision  be  made  with  it  in  the  skin,  we  lose  all 
distinct  perception  of  these  qualities,  and  feel  only  the  suffering 
produced  by  the  incision.    We  perceive,  also,  the  difference  in 
temperature  between  cold  and  warm  substances  brought  in  contact 
with  the  skin,  so  long  as  this  difference  is  moderate  in  degree ;  but 
if  a  foreign  body  be  excessively  cold  or  excessively  hot,  we  can 
no  longer  appreciate  its  temperature  by  the  touch,  but  only  its 
injurious  and  destructive  effect.    Thus  the  sensation  caused  by 
touching  frozen  carbonic  acid  is  the  same  with  that  produced  by  a 
red-hot  metaL    Both  substances  blister  the  sur&ce,  but  their  actual 
temperatures  cannot  be  distinguished. 

It  is,  therefore,  a  very  important  fact  in  this  connection,  that  the 
sensibility  to  pain  is  distinct  frvm  the  po  wer  of  ordinary  sensation.  This 
distinction  was  first  fully  established  by  M.  Beau,  of  Paris,  who  has 
shown  conclusively  that  the  sensibility  to  pain  may  be  diminished 
or  suspended,  while  ordinary  sensation  remains.  This  is  often  seen 
in  patients  who  are  partially  under  the  influence  of  ether  or  chlo- 
roform. The  etherization  may  be  carried  to  such  an  extent  that 
the  patient  may  be  quite  insensible  tp  the  pain  of  a  surgical  opera- 
tion, and  yet  remain  perfectly  conscious,  and  even  capable  of  feeling 
the  incisions,  ligatures,  &c.,  though  he  does  not  suffer  from  them. 
It  not  unfrequently  happens,  also,  when  opium  has  been  adminis- 
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tered  for  the  relief  of  neuralgia,  that  the  pain  is  completely  abolished 
by  the  influence  of  the  drug,  while  the  patient  retains  completely 
his  consciousness  and  his  ordinary  sensibility. 

In  all  cases,  however,  if  the  influence  of  the  narcotic  be  pushed 
to  its  extreme,  both  kinds  of  sensibility  are  suspended  together,  and 
the  patient  becomes  entirely  unconscious  of  external  impressions. 

Motion. — Wherever  muscular  tissue  exists^  in  any  part  of  the 
body,  we  find  the  power  of  motion,  owing  to  the  contractility  of 
the  muscular  fibres.  But  this  power  of  motion,  as  we  have  already 
seen,  is  dependent  on  the  nervous  system.  The  excitement  which 
causes  the  contraction  of  the  muscles  is  transmitted  to  them  by  the 
nervous  filaments ;  and  if  the  nerve  supplying  a  muscle  or  a  limb 
be  divided  or  seriously  injured,  these  parts  are  at  once  paralyssed 
and  become  incapable  of  voluntary  movement.  A  nerve  which, 
when  irritated,  acts  directly  upon  a  muscle,  producing  contraction, 
is  said  to  be  excitable  ;  and  its  excitability,  acting  through  the  mus- 
cle, produces  motion  in  the  part  to  which  it  is  distributed. 

The  excitability  of  various  nerves,  however,  often  acts  •during 
life  upon  other  organs,  beside  the  muscles ;  and  the  ultimate  effect 
varies,  of  course,  with  the  properties  of  the  organ  which  is  acted 
upon.  Thus,  the  nervous  excitement  transmitted  to  a  muscle  pro- 
duces contraction,  while  that  transmitted  to  a  gland  produces  an 
increased  secretion,  and  that  conveyed  to  a  vascular  surface  causes 
congestion.  In  all  such  instances,  the  efiect  is  produced  by  an 
influence  transmitted  by  the  nerve  directly  to  the  organ  which  is 
called  into  activity. 

But  in  all  the  external  parts  of  the  body  muscular  contraction 
is  the  most  marked  and  palpable  eflect  produced  by  the  direct 
inhuence  of  nervous  excitement.  We  find,  therefore,  that  so  far 
as  we  have  yet  examined  it,  the  nervous  action  shows  itself  princi- 
pally in  two  distinct  and  definite  forms;  first,  as  sensibility,  or  the 
power  of  sensation,  and  second,  as  excitabiUty  or  the  power  of  pro- 
ducing motion. 

Distinct  Seat  of  Sensation  and  Motion  in  the  Nervous 
System. — Sensation  and  motion  are  usually  the  first  functions 
which  suflFer  by  anyinjury  inflicted  on  the  nervous  system.  As  a 
general  rule,  they  are  both  suspended  or  impaired  at  the  same  time, 
and  in  a  nearly  equal  degree.  In  a  fainting  fit,  an  attack  of  apo- 
plexy, concussion  or  compression  of  the  brain  or  spinal  cord,  or  a 
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wound  of  any  kind  involving  the  nerves  or  nervous  centres,  insen- 
sibilitj  and  loss  of  motion  usually  appear  simultaneously.  It  is 
difficult,  therefore,  under  ordinary  conditions,  to  trace  out  the 
separate  action  of  these  two  functions,  or  to  ascertain  the  precise 
situation  occupied  by  each. 

This  difficulty,  however,  may  be  removed  by  examining  sepa- 
rately different  parts  of  the  nervous  system.  In  the  instances 
mentioned  above,  the  injury  which  is  inflicted  is  comparatively  an 
extensive  one,  and  involves  at  the  same  time  many  ac^acent  parts. 
But  instances  sometimes  occur  in  which  the  two  functions,  sensa- 
tion and  motion,  are  affected  independently  of  each  other,  owing  to 
the  peculiar  character  and  situation  of  the  injury  inflicted.  Sensa- 
tion may  be  impaired  without  loss  of  motion,  and  loss  of  motion 
may  occur  without  injury  to  sensation.  In  tic  douloureux,  for 
example^  we  have  an  exceedingly  painful  affection  of  the  sensitive 
parts  of  the  face,  without  any  impairment  of  its  power  of  motion*, 
and  in  facial  paralysis  we  often  see  a  complete  loss  of  motion  affect- 
ing one  side  of  the  face,  while  the  sensibility  of  the  part  remains 
altogether  unimpaired. 

The  above  facts  first  gave  rise  to  the  belief  that  sensation  and 
motion  might  occupy  distinct  parts  of  the  nervous  i^stem ;  since  it 
would  otherwise  be  difKcult  to  understand  how  the  two  could  be 
affected  independently  of  each  other  by  anatomical  lesions.  It  has 
accordingly  been  fully  established  by  the  labors  of  Sir  Charles  Bell, 
Miiller,  Panizza^  and  Longet^  that  the  two  functions  do  in  reality 
occupy  distinct  parts  of  the  nervous  system. 

If  any  one  of  the  spinal  nerves,  in  the  living  animal,  after  being 
exposed  at  any  part  of  its  course  outside  the  spinal  canal,  be  divided, 
ligatured,  bruised,  or  otherwise  seriously  injured,  paralysis  of  motion 
and  loss  of  sensation  are  immediately  produced  in  that  part  of  the 
body  to  which  the  nerve  is  distributed.  It,  on  the  other  hand,  the 
same  nerve  be  pricked,  galvanised,  or  oiherwise  ^gently  irritated,  a 
painful  sensation  and  convulsive  movements  are  produced  in  the 
same  parts.  The  nerve  is  therefore  said  to  be  both  sensitive  and  ' 
exciiabk;  sensitive,  because  irritation  of  its  fibres  produces  a  pain-  \ 
ful  sensation,  and  excitable,  because  the  same  irritation  causes  mus- 
cular contraction  in  the  parts  below. 

The  result  of  the  experiment^  however,  will  be  different  if  it  be 

tried  upon  the  parts  situated  inside  the  spinal  canal,  and  particularly 

upon  the  anterior  and  posterior  roots  of  the  spinal  nerves.    If  an 

irritation  be  applied,  for  example,  to  the  anterior  root  of  a  spinal 
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nerve,  in  the  living  animal,  convulsive  movements  are  produced  iw 
the  parts  below,  but  there  is  no  painful  sensation.  The  anterior 
root  accordingly  is  said  to  be  excitable,  but  not  sensitive.  If  the 
posterior  root,  on  the  other  band,  be  irritated,  acute  pain  is  pro- 
duced, but  no  convulsive  movements.  The  posterior  root  is  there- 
fore sensitive,  but  not  excitable.  A  similar  result  is  obtained  by  a 
complete  division  of  the  two  roots.  Division  of  the  anterior  root 
produces  paralysis  of  motion,  but  no  inaensibilily ;  division  of  the 
posterior  root  produces  complete  lose  of  sensibility,  but  no  museulaj 
paralysis. 

We  have  here,  then,  a  separate  localization  of  sensation  and 
motion  in  the  nervous  system ;  and  it  is  accordingly  easy  to  under- 
stand how  one  may  be  impaired  without  injury  to  the  otlier,  or 
how  both  may  be  simultaneously  aQi3cted.  according  to  the  situation 
and  extent  of  the  anatomical  lesion. 

The  two  roots  of  a  spinal  nerve  differ  from  each  other,  further- 
more, in  their  mode  of  transmitting  the  nervous  impulse.  If  the 
posterior  root  be  divided  (Fig.  135)  at  a  b,  and  an  irritation  applied 


Fig.  13S, 


to  the  separated  extremity  (a),  no  effect  will  be  produced; 
the  irritation  be  applied  to  the  attached  extremity  (/i),  a  painful 
sensation  is  immediately  the  result.*  The  nervous  force,  therefore, 
travels  in  the  posterior  root  from  without  inward,  but  cannot  pass 
from  within  outward.  If  the  anterior  root,  on  the  other  hand,  be 
divided  at  c,  d,  and  its  attached  extremity  {(I)  irritated,  no  eSetit 
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follows ;  but  if  the  separated  extremity  (c)  be  irritated,  eonvulsive 
movements  instantly  take  place.  The  nervous  force,  consequently, 
travels  in  the  anterior  root  from  within  outward,  but  cannot  pass 
from  without  inward. 

The  same  thing  is  true  with  regard  to  the  transmission  of  sensa- 
tion and  motion  in  the  spinal  nerves  outside  the  spinal  canal.  If 
one  of  these  nerves  be  divided  in  the  living  animal,  and  its  attached 
extremity  irritated,  pain  is  produced,  but  no  convulsive  motion ;  if 
the  irritation  be  applied  to  its  separated  extremity,  muscular  con- 
tractions follow,  but  no  painful  sensation. 

There  are,  therefore,  two  kinds  of  filaments  in  the  spinal  nerves, 
not  distinguishable  by  the  eye,  but  entirely  distinct  in  their  charac- 
ter and  function,  viz.,  the  '' sensitive*'  filaments,  or  those  which 
convey  sensation,  and  the  "  motor"  filaments,  or  those  which  excite 
movement  These  filaments  are  never  confounded  with  each  other 
in  their  action,  nor  can  they  perform  each  other's  functions.  The 
sensitive  filaments  convey  the  nervous  force  only  in  a  centripetal, 
the  motor  only  in  a  centrifugal  direction.  The  former  preside  over 
sensation,  and  have  nothing  to  do  with  motion ;  the  latter  preside 
over  motion,  and  have  nothing  to  do  with  sensation.  Within  the 
spinal  canal  the  two  kinds  of  filaments  are  separated  from  each 
other,  constituting  the  anterior  and  posterior  roots  of  each  spinal 
nerve;  but  externally  they  are  mingled  together  in  a  common 
trunk.  While  the  anterior  and  posterior  roots,  therefore,  are  ex- 
clusively sensitive  or  exclusively  motor,  the  spinal  nerves  beyond 
the  junction  of  the  roots  are  called  mixed  nerves,  because  they  con- 
tain at  the  same  time  motor  and  sensitive  filaments.  The  mixed 
nerves  accordingly  preside  at  the  same  time  over  the  functions  of 
movement  and  sensation. 

Distinct  Seat  of  Sbnsibility  and  Excitability  in  the 
Spinal  Cord. — VariouF  experimenters  have  demonstrated  the  fact 
that  different  parts  of  the  spinal  cord,  like  the  two  roots  of  the 
spinal  nerves,  are  separately  endowed  with  sensibility  and  excita- 
bility. The  anterior  columns  of  the  cord,  like  the  anterior  roots  of 
the  spinal  nerves,  are  excitable  but  not  sensitive;  the  posterior 
columns,  like  the  posterior  roots  of  the  spinal  nerves,  are  sensitive 
but  not  excitable.  Accordingly,  when  the  spinal  canal  is  opened 
in  the  living  animal,  an  irritation  applied  to  the  anterior  columns 
of  the  cord  produces  immediately  convulsions  in  the  limbs  below ; 
but  there  is  no  indication  of  pain.    On  the  other  hand,  signs  of 


404  THB   SPINAL   COBD. 

acute  pain  become  manifest  whenerer  tbe  irritation  is  applied  to 
tbe  posterior  colnmns ;  but  no  muscular  contractions  follow,  other 
than  those  of  a  voluntary  character.  Longet  has  found'  that  if  the 
spinal  cord  be  exposed  in  the  lumbar  region  and  completely  divided 
at  that  part  by  transverse  section,  the  application  of  any  irritant  to 
the  anterior  surface  of  the  separated  portion  produces  at  once  con- 
vulsions below ;  while  if  applied  to  the  posterior  columns  behind 
the  point  of  division,  it  has  no  sensible  effect  whatever.  The  an- 
terior and  posterior  columns  of  the  cord  are  accordingly,  so  fiu*, 
analogous  in  their  properties  to  the  anterior  and  posterior  roots  of 
the  spinal  nerves,  and  are  plainly  composed,  to  a  greater  or  less  ex- 
tent^ of  a  continuation  of  their  filaments. 

These  filaments,  derived  from  the  anterior  and  posterior  roots  of 
the  spinal  nerves,  pass  upward  through  the  spinal  cord  toward  the 
brain.  An  irritation  applied  to  any  part  of  the  integument  is  then 
conveyed,  along  the  sensitive  filaments  of  the  nerve  and  its  pos- 
terior root,  to  the  spinal  cord ;  then  upward,  along  the  longitudinal 
fibres  of  the  cord  to  the  brain,  where  it  produces  a  sensation  corres- 
ponding in  character  with  the  original  irritation.  A  motor  im- 
pulse, on  the  other  hand,  originating  in  the  brain,  is  transmitted 
downward,  along  the  longitudinal  fibres  of  the  cord,  passes  outward 
by  the  anterior  root  of  the  spinal  nerve,  and,  following  the  motor 
filaments  of  the  nerve  through  its  trunk  and  branches,  produces  at 
last  a  muscular  contraction  at  the  point  of  its  final  distribution. 

Grossed  AcmoN  or  the  Spinal  Cord. — As  the  anterior  columns 
of  the  cord  pass  upward  to  join  the  medulla  oblongata,  a  decussa- 
tion takes  place  between  them,  as  we  have  already  mentioned  in 
Chapter  I.  The  fibres  of  the  right  anterior  column  pass  over  to 
the  left  side  of  the  medulla  oblongata,  and  so  upward  to  the  left  side 
of  the  brain ;  while  the  fibres  of  the  left  anterior  column  pass  over 
to  the  right  side  of  the  medulla  oblongata,  and  so  upward  to  the 
right  side  of  the  brain.  This  decussation  may  be  readily  shown 
(as  in  Fig.  130)  by  gently  separating  the  anterior  columns  from  each 
other,  at  the  lower  extremity  of  the  medulla  oblongata,  where  the 
decussating  bundles  may  be  seen  crossing  obliquely  from  side  to 
side,  at  the  bottom  of  the  anterior  median  fissure.  Below  this 
point,  the  anterior  columns  remain  distinct  from  each  other  on  each 
side,  and  do  not  communicate  by  any  further  decussation. 

*  Trait6  de  Phjsiologie,  toI.  ii.  part  2,  p.  8. 
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If  the  anterior  oolomns  of  the  spinal  cord,  therefore,  be  wounded 
at  any  point  in  the  oervical,  dorsal,  or  lumbar  region,  a  paralysis 
of  voluntary  motion  is  produced  in  the  limbs  below,  on  the  same 
side  with  the  injury.  But  if  a  similar  lesion  occur  in  the  brain,  the 
paralysis  which  results  is  on  the  opposite  side  of  the  body.  Thus 
it  has  long  been  known  that  an  abscess  or  an  apoplectic  hemorrhage 
on  the  right  side  of  the  brain  will  produce  paralysis  of  the  left  side 
of  the  body;  and  injury  of  the  left  side  of  the  brain  will  be  fol- 
lowed by  paralysis  of  the  right  side  of  the  body. 

The  spinal  cord  has  also  a  crossed  action  in  transmitting  sensi- 
tive as  well  as  motor  impulses^  It  has  been  recently  demonstrated 
by  Dr.  Brown-S^uard,'  that  the  crossing  of  the  sensitive  fibres  in 
the  spinal  cord  does  not  take  place,  like  that  of  the  motor  fibres, 
at  its  upper  portion  only,  but  throughout  its  entire  length ;  so  that 
the  sensitive  fibres  of  the  right  spinal  nerves,  very  soon  after  their 
entrance  into  the  cord,  pass  over  to  the  left  side,  and  those  of  the 
left  spinal  nerves  pass  over  to  the  right  side.  For  if  one  lateral 
half  of  the  spinal  cord  of  a  dog  be  divided  in  the  dorsal  region, 
the  power  of  sensation  remains  upon  the  corresponding  side  of  the 
body,  but  is  lost  upon  the  opposite  side.  It  has  been  shown,  fur- 
thermore, by  the  same  observer,'  that  the  sensitive  fibres  of  the 
spinal  nerves  when  they  first  enter  the  cord  join  the  posterior 
columns,  which  are  everywhere  extremely  sensitive ;  but  that  they 
very  soon  leave  the  posterior  columns,  and,  passing  through  the 
central  parts  of  the  cord,  run  upward  to  the  opposite  side  of  the 
brain.  If  the  posterior  columns,  accordingly,  be  alone  divided  at! 
any  part  of  the  spinal  cord,  sensibility  is  not  destroyed  in  all  the 
nerves  behind  the  seat  of  injury,  but  only  in  those  which  enter  thel 
cord  at  the  point  of  section ;  since  the  posterior  columns  consist[ 
of  different  nervous  filaments,  joining  them  constantly  on  one  side 
from  below,  and  leaving  them  on  the  other  to  pass  upward  toward 
the  brain. 

The  spinal  cord  has  therefore  a  crossed  action,  both  for  sensation 
and  motion ;  but  the  crossing  of  the  motor  filaments  occurs  only  at 
the  medulla  oblongata,  while  that  of  the  sensitive  filaments  takes 
place  throughout  the  entire  length  of  the  cord. 

*  Experiuiental  Besearohes  appUed  to  Phjaiology  and  Pathology.  New  York, 
1853. 

'  Mtooin  snr  la  Fhjsiologie  de  la  Moelle  ^pitiidre ;  Oaintte  MMioale  de  Paris, 
1855. 
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There  are  certain  important  facts  wbich  still  remain  to  be  noticed 
regarding  the  mode  of  action  of  the  spinal  cord  and  its  nerves. 
They  are  as  follows : — 

1,  An  irritation  applied  to  a  spinal  nerve  at  the  middle  of  iU  eoune 
produces  the  same  effect  as  if  it  traversed  its  entire  length.  Thus,  if  the 
sciatic  or  median  nerve  be  irritated  at  any  part  of  its  coarse,  con- 
traction is  produced  in  the  muscles  to  which  these  nerves  are  dis- 
tributed, just  as  if  the  impulse  had  originated  as  usual  from  the 
brain.  This  fact  depends  upon  the  character  of  the  nervous  fila- 
ments, as  simple  conductors.  Wherever  the  impulse  may  originate, 
the  final  effect  is  manifested  only  at  the  termination  of  the  nerve. 
As  the  impulse  in  the  motor  nerves  travels  always  in  an  outward 
direction,  the  effect  is  always  produced  at  the  muscular  termination 
of  the  filaments,  no  matter  how  small  or  how  large  a  portion  of 
their  length  may  have  been  engaged  in  transmitting  the  stimulus. 

If  the  irritation,  again,  be  applied  to  a  sensitive  nerve  in  the 
middle  of  its  course,  the  painful  sensation  is  felt,  not  at  the  point 
of  the  nerve  directly  irritated,  but  in  that  portion  of  the  integument 
to  which  its  filaments  are  distributed.  Thus,  if  the  ulnar  nerve  be 
accidentally  struck  at  the  point  where  it  lies  behind  the  inner  con- 
dyle of  the  humerus,  a  sensation  of  tingling  and  numbness  is  pro- 
duced in  the  last  two  fingers  of  the  corresponding  hand.  It  is 
common  to  hear  patients  whp  have  suffered  amputation  complain  of 
painful  sensations  in  the  amputated  limb  for  weeks  or  months,  and 
sometimes  even  for  years  after  the  operation.  They  assert  that 
they  can  feel  the  separated  parts  as  distinctly  as  if  they  were  still 
attached  to  the  body.  This  sensation,  which  is  a  real  one  and  not 
fictitious,  is  owing  to  some  irritation  operating  upon  the  divided 
extremities  of  the  nerves  in  the  cicatrized  wound.  Such  an  irrita- 
tion, conveyed  to  the  brain  by  the  sensitive  fibres,  will  produce 
precisely  the  same  sensation  as  if  the  amputated  parts  were  still 
present,  and  the  irritation  actually  applied  to  them. 

It  is  on  this  account  also  that  division  of  the  trifacial  nerve  is 
not  always  effectual  for  the  cure  of  tic  douloureux.  If  the  cause  of 
the  difiiculty  be  seated  upon  the  trunk  of  the  nerve,  between  its 
point  of  emergence  from  the  bones  and  its  origin  in  the  brain,  it  is 
evident  that  division  of  the  nerve  upon  the  face  will  be  of  no 
avail ;  since  the  cause  of  irritation  will  still  exist  behind  the  point 
of  section,  and  the  same  painful  sensations  will  still  be  produced  in 
the  brain. 

2.  T/ie  irritability  of  the  mo^r  filaments  disappears  from  within  out- 
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fvardf  that  of  the  sensitive  filaments  from  without  invxird.  Immedi- 
ately after  the  separatioa  of  the  frog's  leg  from  the  body,  irritation 
of  the  nerve  at  any  point  produces  muscular  contraction  in  the 
limb  below.  As  time  elapses,  however,  and  the  irritability  of  the 
nerve  diminishes^  the  galvanic  current,  in  order  to  produce  con- 
traction, must  be  applied  at  a  point  nearer  its  termination.  Subse- 
quently, the  irritability  of  the  nerve  is  entirely  lost  in  its  upper 
portions,  but  is  retained  in  the  parts  situated  lower  down,  from 
which  also,  in  turn,  it  afterward  disappears;  receding  in  this  man- 
ner farther  and  farther  toward  the  terminal  distribution  of  the 
nerve,  where  it  finally  disappears  altogether. 

On  the  other  hand,  sensibility  disappears,  at  the  time  of  death, 
first  in  the  extremities.  From  them  the  numbness  gradually  creep.^ 
upward,  invading  successively  the  middle  and  upper  portions  of  the 
limbs,  and  the  more  distant  portions  of  the  trunk.  The  central 
parts  are  the  last  to  become  insensible. 

8.  Each  nervous  filament  acts  independently  of  the  rest  throughofU  its 
entire  length,  and  does  not  communieate  its  irritation  to  those  which  are 
in  proximity  with  it.  It  is  evident  that  this  is  true  with  regard  to 
the  nerves  of  sensation,  from  the  fact  that  if  the  integument  be 
touched  with  the  point  of  a  needle,  the  sensation  is  referred  to  that 
spot  alone.  Since  the  nervous  filaments  coming  from  it  and  the 
adjacent  parts  are  all  bound  together  in  parallel  bundles,  to  form 
the  trunk  of  the  nerve,  if  any  irritation  were  communicated  from 
one  sensitive  filament  to  another,  the  sensation  produced  would  be 
indefinite  and  diffused,  whereas  it  is  really  confined  to  the  spot  irri- 
tated. If  a  frog's  leg,  fiirthermore,  be  prepared,  with  the  sciatic 
nerve  attached,  a  few  of  the  fibres  separated  laterally  from  the 
nervous  trunk  for  a  portion  of  its  length,  and  the  poles  of  a  galvanic 
battery  applied  to  the  separated  portion^  the  contractions  which 
follow  in  the  leg  will  not  be  general,  but  will  be  confined  to  those 
muscles  in  which  the  galvanized  nervous  fibres  especially  have 
their  distributioti.  There  are  also  various  instances,  in  the  body, 
of  antagonistic  muscles,  which  most  act  independently  of  each 
other,  but  which  are  supplied  with  nerves  from  a  common  trunk. 
The  superior  and  inferior  straight  muscles  of  the  eyeball,  for 
example,  are  both  supplied  by  the  motor  oculi  communis  nerve. 
Extensor  and  flexor  muscles,  as,  for  example,  those  of  the  fingers^ 
are  often  supplied  by  the  sanie  nerve,  and  yet  act  alternately  with- 
out mutual  interference.    It  is  easy  to  see  that  if  this  were  not  the 
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case,  confasion  vould  constantly  arise,  both  in  the  perception  of 
sensations,  and  in  the  execution  of  movements. 

4.  There  are  certain  sensations  which  are  excited  simnltaneoosljr 
\hy  the  same  causes,  and  which  are  termed  cisaociated  terualionB ;  and 
I  there  are  also  certain  movements  which  take  place  simultaneously, 
and  are  called  associated  movemerUs.    In  the  former  instance,  one  of 
;  the  associated  sensations  is  called  up  immediately  upon  the  percep- 
I  tion  of  the  other,  without  requiring  any  direct  impulse  of  its  own. 
Thus,  tickling  the  soles  of  the  feet  produces  a  peculiar  sensation 
at  the  epigastrium.    Nausea  is  occasioned  by  certain  disagreeable 
\  odors,  or  by  rapid  rotation  of  the  body,  so  that  the  landscape  seems 
:  to  turn  round.    A  striking  example  of  associated  movements;,  on 
j  the  other  hand,  may  be  found  in  the  action  of  the  muscles  of  the 
eyeball.    The  eyeballs  always  accompany  each  other  in  their  lateral 
motions,  turning  to  the  right  or  the  left  side  simultaneously.    It  is 
evident,  however,  that  in  producing  this  correspondence  of  motion, 
the  left  internal  rectus  muscle  must  contract  and  relax  together 
with  the  right  external ;  while  a  similar  harmony  of  action  must 
exist  between  the  right  internal  and  the  left*extemal.    The  explana- 
tion of  such  singular  correspondences  cannot  be  found  in  the  anato- 
mical arrangement  of  the  muscles  themselves,  nor  in  that  of  the 
nervous  filaments  by  which  they  are  directly  supplied,  but  must  be 
looked  for  in  some  special  endowment  of  the  nervous  centres  from 
which  they  originate. 

Keflex  Action  of  the  Spinal  Cord. — The  spinal  cord,  as  we 
have  thus  far  examined  it,  may  be  regarded  simply  as  a  great  nerve ; 
that  is,  as  a  bundle  of  motor  and  sensitive  filaments,  connecting 
the  muscles  and  integument  below  with  the  brain  above,  and 
assisting,  in  this  capacity,  in  the  production  of  conscious  sensation 
and  voluntary  motion.  Beside  its  nervous  filaments,  however,  it 
contains  also  a  large  quantity  of  gray  matter,  and  is,  therefore, 
itself  a  ganglionic  centre,  and  capable  of  independent  action  as 
such.  We  shall  now  proceed  to  study  it  in  its  second  capacity,  as 
a  distinct  nervous  centre. 

If  a  frog  be  decapitated,  and  the  body  allowed  to  remain  at  rest 
for  a  few  moments,  so  as  to  recover  from  the  depressing  effects  of 
shock  upon  the  nervous  system,  it  will  be  found  that,  although  sen- 
sation and  consciousness  are  destroyed,  the  power  of  motion  still 
remains.  If  the  skin  of  one  of  the  feet  be  irritated  by  pinching  it 
with  a  pair  of  forceps,  the  leg  is  immediately  drawn  up  toward  the 
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'body,  as  if  to  escape  tbe  cause  of  irritation.  If  the  irritation  applied 
to  the  foot  be  of  slight  intensity,  the  corresponding  leg  only  will 
move;  but  if  it  be  more  severe  in  character,  motioos  will  often  be 
produced  in  the  posterior  extremity  of  the  opposite  side,  and  even 
in  the  two  fore  legs,  at  the  same  time.  These  motions,  it  is  import- 
ant to  observe,  are  never  spontaneous.  The  decapitated  frog  remains 
perfectly  quiescent  if  left  to  hiraselC  It  is  only  when  some  cause 
of  irritation  is  applied  externally,  that  movements  occur  as  above 
described. 

It  will  be  seen  that  the  character  of  these  phenomena  indicates 
the  active  operation  of  some  part  of  the  nervous  system,  and  par- 
ticularly of  some  ganglionic  centre.  The  irritation  is  applied  to 
the  skin  of  the  foot,  and  the  muscles  of  the  leg  contract  in  conse- 
quence ;  showing  evidently  the  intermediate  action  of  a  nervous 
connection  between  the  two. 

The  effect  in  question  is  due  to  the  activity  of  the  spinal  cord, 
operating  as  a  nervous  centre.  In  order  that  the  movements  may- 
take  place  as  above,  it  is  essential  that  both  the  integument  and  the 
m>)scles  should  be  in  communication  with  the  spinal  cord  by  nerv- 
ous filaments,  and  that  the  cord  itself  be  in  a  state  of  integrity.  If 
(he  sciatic  nerve  be  divided  in  the  upper  part  of  the  thigh,  irritation 

the  skin  below  is  no  longer  followed  by  any  muscular  contrac- 
If  either  the  anterior  or  posterior  roots  of  the  nerve  be 
divided,  the  same  want  of  action  results;  and  finally,  if,  the  nerve 
Jtnd  its  roots  remaining  entire,  the  spinal  cord  itself  be  broken  up 
by  a  needle  introduced  into  the  spinal 
canal,  the  integument  may  then  be 
irritated  or  mutilated  to  any  extent, 
without  exciting  the  least  muscular 
contraction.  It  is  evident,  therefore, 
.tbat  the  spinal  cord  acts,  in  this  case, 
SB  a  nervous  centre,  through  which 
the  irritation  applied  to  the  skin  is 
communicated  to  the  musclas.  The 
irritation  first  passes  upward,  as  shown 
in  the  accompanying  diagram  (Fig. 
186),  along  the  sensitive  fibres  of  the 

iterior  root  (ra)  to  the  gray  matter   ticTl  s"bctio>.  .huwin/ren-xinioB, 

the  cord,  and  is  then  reflected  back,    "'■  ^'"'"""  ""'' "'  'i"""'  "="'■  '■ 

mg  the  motor  fibres  of  the  anterior 

t,  until  it  finally  reaches  the  muscles,  and  produces  a  contrac- 
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tion.  This  action  is  known,  accordingly,  as  the  reflex  action  of  the 
spinal  cord. 

It  will  be  remembered  that  this  reflex  action  of  the  cord  is  not 
accompanied   by  volition,  nor  even   by  any  conscious  sensation. 

The  function  of  the  spinal  cord  as  a  nervous  centre  is  simply  to 
convert  an  impression,  received  from  the  skin,  into  a  motor  impulse 
which  is  sent  out  again  to  the  muscles.  There  is  absolutely  no 
farther  action  than  this ;  no  exercise  of  will,  consciousness,  or  judg- 
ment. This  action  will  therefore  take  place  perfectly  well  after 
the  brain  has  been  removed,  and  after  the  entire  sympathetic  sys- 
,tem  has  also  been  taken  away,  provided  only  that  the  spinal  cord 
and  its  nerves  remain  in  a  state  of  integrity. 

The  existence  of  this  reflex  action  after  death  is  accordingly  an 
evidence  of  the  continued  activity  of  the  spinal  cord,  just  as  con- 
tractility is  an  evidence  of  the  activity  of  the  muscles,  and  irrita- 
bility of  that  of  the  nerves.  Like  the  two  last-mentioned  properties, 
also,  it  continues  for  a  longer  time  after  death  in  cold-blooded  than 
in  warm  blooded  animals.  It  is  for  this  reason  that  frogs  and  other 
reptiles  are  the  most  useful  subjects  for  the  study  of  these  pheno- 
mena, as  for  that  of  most  others  belonging  to  the  nervous  system. 

The  irritability  of  the  spinal  cord,  as  manifested  by  its  reflex 
action,  may  be  very  much  exaggerated  by  certain  diseases,  and  by 
the  operation  of  poisonous  substances.  Tetanus  and  poisoning  by 
strychnine  both  act  in  this  way,  by  heightening  the  irritability  of 
the  spinal  cord,  and  causing  it  to  produce  convulsive  movements 
on  the  application  of  external  stimulus.  It  has  been  observed  that 
the  convulsions  in  tetanus  are  rarely,  if  ever,  spontaneous,  but  that 
they  always  require  to  be  excited  by  some  external  cause,  such  as 
the  accidental  movement  of  the  bedclothes,  the  shutting  of  a  door, 
or  the  sudden  passage  of  a  current  of  air.  Such  slight  causes  of 
irritation,  which  would  be  entirely  inadequate  to  excite  involuntary 
movements  in  the  healthy  condition,  act  upon  the  spinal  cord,  when 
its  irritability  is  heightened  by  disease,  in  such  a  manner  as  to  pro- 
duce violent  convulsions. 

Similar  appearances  are  to  be  seen  in  animals  poisoned  by  strych- 
nine. This  substance  acts  upon  the  spinal  cord  and  increases  its 
irritability,  without  materially  aflfecting  the  functions  of  the  brain. 
Its  effects  will  show  themselves,  consequently,  without  essential 
modification,  after  the  head  has  been  removed.  If  a  decapitated 
frog  he  poisoned  with  a  moderate  dose  of  strychnine,  the  body  and 
limbs  will  remain  quiescent  so  long  as  there  is  no  external  source 
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of  excitement ;  but  the  limbs  are  at  once  thrown  into  convulsions 
by  the  slightest  irritation  applied  to  the  skin,  as,  for  example,  the 
contact  of  a  hair  or  a  feather,  or  even  the  jarring  of  the  table  on 
which  the  animal  is  placed.  That  the  convulsions  in  oases  of 
poisoning  bj  strychnine  are  always  of  a  reflex  character,  and  never 
spontaneous,  is  shown  by  the  following  fact  first  noticed  by  Ber< 
nard,"  y'izl,  that  if  a  firog  be  poisoned  after  division  of  the  posteriori 
roots  of  all  the  spinal  nerves,  while  the  anterior  roots  are  left  un-1 
touched,  death  takes  place  as  usual,  but  is  not  preceded  by  any  con- 
vulsions. In  this  instance  the  convulsions  are  absent  simply] 
because,  owing  to  the  division  of  the  posterior  roots,  external  irri- 
tations cannot  be  communicated  to  the  cord. 

The  reflex  action,  above. described,  may  be  seen  very  distinctly 
in  the  human  subject,  in  certain  cases  of  disease  of  the  spinal  cord. 
If  the  upper  portion  of  the  cord  be  disintegrated  by  inflammatory 
softening,  so  that  its  middle  and  lower  portions  lose  their  natural 
connection  with  the  brain,  paralysis  of  voluntary  motion  and  loss  of 
sensation  ensue  in  all  parts  of  the  body  below  the  seat  of  the  ana- 
tomical lesion.  Under  these  conditions,  the  patient  is  incapable  of 
making  any  muscular  exertion  in  the  paralyzed  parts,  and  is  uncon- 
scious of  any  injury  done  to  the  integument  in  the  same  region. 
Notwithstanding  this,  if  the  soles  of  the  feet  be  gently  irritated 
with  a  feather,  or  with  the  point  of  a  needle^  a  convulsive  twitch- 
ing of  the  toes  will  often  take  place,  and  even  retractile  movements 
of  the  leg  and  thigh,  altogether  without  the  patient's  knowledge. 
Such  movements  may  frequently  be  excited  by  simply  allowing 
the  cool  air  to  come  suddenly  in  contact  with  the  lower  extremities. 
We  have  repeatedly  witnessed  these  phenomena,  in  a  case  of  dis- 
ease of  the  spinal  cord,  where  the  paralysis  and  insensibility  of  the 
lower  extremities  were  complete.  Many  other  similar  instances 
are  reported  by  various  authors. 

The  existence  of  this  reflex  action  of  the  cord  has  enabled  the 
physiologist  to  ascertain  several  other  important  facts  concerning 
the  mode  of  operation  of  the  nervous  system.  M.  Bernard  has 
demonstrated,'  by  a  series  of  extremely  ingenious  experiments  on 
the  action  of  poisonous  substances,  1st,  that  the  irritability  of  the 
muscles  may  be  destroyed,  while  that  of  the  nerves  remains  unal- 

*  Le^ns  sar  les  effeti  de*  Sab.^tanoes  toxiqnes  et  m^dicamentenses,  Paris,  1857, 
p.  357. 

<  Ibid.,  Chaps.  23  and  24. 
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Fig.  137. 


tered ;  and  2d,  that  the  motor  and  sensitive  nervous  filaments  maj 
be  paralyzed  independently  of  each  other.  The  above  fiEu^ts  are 
shown  by  the  three  following  experiments : — 

1.  In  a  living  frog  (Fig.  187),  the  sciatic  nerve  {N)  is  exposed  in 
the  back  part  of  the  thigh,  after  which  a  ligature  is  passed  under- 
neath it  and  drawn  tight  around  the  bone  and  the  remaining  soft 
parts.  In  this  way  the  circulation  is  entirely  cut  off  from  the  limb 
(d),  which  remains  in  connection  with  the  trunk  only  by  means  of 
the  sciatic  nerve.    A  solution  of  sulphocyanide  of  potassium  ia  then 

introduced  beneath  the  skin 
of  the  back,  at  I,  in  sufficient 
quantity  to  produce  its  speci- 
fic effect  The  poison  is  then 
absorbed,  and  is  carried  by 
the  circulation  throughout  the 
trunk  and  the  three  extremi- 
ties a,  b,  c ;  while  it  is  pre- 
vented from  entering  the  limb 
d,  by  the  ligature  which  has 
been  placed  about  the  thigh. 
Sulphocyanide  of  potassium 
produces  paralysis,  as  we  have 
previously*  mentioned,  by  act- 
ing directly  upon  the  muscu- 
lar tissue.  Accordingly,  a  gal- 
vanic discharge  passed  through 
the  limbs  a,  b,  and  c,  produces 
no  contraction  in  them,  while 
the  same  stimulus,  applied  to 
dy  is  followed  by  a  strong  and 
healthy  reaction.  But  at  the 
moment  when  the  irritation 
is  applied  to  the  poisoned 
limbs  a,  b,  and  c,  though  no 
visible  effect  is  produced  in 
them,  an  active  movement 
takes  place  in  the  healthy 
*limb,  d.  This  can  only  be 
owing  to  a  reflex  action  of  the  spinal  cord,  originating  in  the  inte- 
gument of  a,  6,  and  c,  and  transmitted,  by  sensitive  and  motor  fila- 
ments, through  the  cord  to  d.     While  the  muacUa  of  the  poisoned 
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limbs,  thertfore;  have  hem  directly  paralyzed,  the  nerves  of  the  same 
parts  have  retained  their  irritability. 

2.  If  a  frog  be  poisoned  with  woorara  bj  simply  placing  the 
poison  nnder  the  skin,  no  reflex  action  of  the  spinal  cord  can  be 
demonstrated  after  death.  We  have  already  shown,  from  experi- 
ments detailed  in  Chapter  II.,  that  this  substance  destroys  the  irrita- 
bility of  the  motor  nerve&f,  without  affecting  that  of  the  muscles.  In 
the  above  instance,  therefore,  where  the  reflex  action  is  abolished,  its 
loss  may  be  owing  to  a  paralysis  of  both  motor  and  sensitive  fila- 
ments, or  to  that  of  the  motor  filaments  alone.  The  following  experi- 
menty  however,  shows  that  the  motor  filaments  are  the  only  ones 
affected.  If  a  frog  be  prepared  as  in  Fig.  187,  and  poisoned  by  the 
introduction  of  woorara  at  I,  when  the  limb  d  is  irritated  its  own 
muscles  react,  while  no  movement  takes  place  in  a,  &,  or  c;  but  if 
the  irritation  be  applied  to  a,  ft,  or  e,  reflex  movements  are  imme- 
diately produced  in  d.  In  the  poisoned  limbs,  there/ore,  while  the 
motor  nerves  have  been  paralyzed,  the  sensitive  filaments  have  retained 
their  irritability. 

8.  If  a  frog  be  poisoned  with  strychnine,  introduced  underneath 
the  skin  in  sufficient  quantity,  death  takes  place  after  general  con- 
vulsions, which  are  due,  as  we  have  seen  above,  to  an  unnatural 
excitability  of  the  reflex  action.  This  is  followed,  however,  by  a 
paralysis  of  sensibility,  so  that  after  death  no  reflex  movements 
can  be  produced  by  irritating  the  skin  or  even  the  posterior  roots 
of  the  spinal  nerves.  But  if  the  anterior  roots,  or  the  motor  nerves 
themselves  be  galvanized,  contractions  immediately  take  place  in 
the  corresponding  muscles.  In  this  case,  there/ore,  the  sensitive  fila- 
ments have  been  paralyzed,  while  the  motor  filaments  and  the  muscles 
have  retained  their  irritability. 

We  now  come  to  investigate  the  reflex  action  of  the  spinal  cord, 
as  it  takes  place  in  a  healthy  condition  during  life.  This  action 
readily  escapes  notice,  unless  our  attention  be  particularly  directed 
to  it,  because  the  sensations  which  we  are  constantly  receiving,  and 
the  many  voluntary  movements  which  are  continually  executed, 
serve  naturally  to  mask  those  nervous  phenomena  which  take  place 
without  our  immediate  knowledge,  and  over  which  we  exert  no 
voluntary  control.  Such  phenomena,  however,  do  constantly  take 
place,  and  are  of  extreme  physiological  importance.  If  the  surface 
of  the  skin,  for  example,  be  at  any  time  unexpectedly  brought  in 
contact  with  a  heated  body,  the  injured  part  is  often  withdrawn  by 
a  rapid  and  convulsive  movement,  long  before  we  feel  the  pain,  or 
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even  fiedrly  understand  the  oause  of  the  involnntary  act  If  the 
body  by  any  accident  suddenly  and  unexpectedly  loses  its  balance, 
the  limbs  are  thrown  into  a  position  calculated  to  protect  the  ex- 
posed parts,  and  to  break  the  &11,  by  a  similar  involuntary  and  in- 
stantaneous movement  The  brain  does  not  act  in  these  cases,  far 
there  is  no  intentional  character  in  the  movement^  nor  even*  any 
complete  consciousness  of  its  object.  Everything  indicates  that  it 
is  the  immediate  result  of  a  simple  reflex  action  of  the  spinal  cord. 

The  cord  exerts  also  an  important  and  constant  influence  upon 
the  sphincter  mttscles.  The  sphincter  ani  is  habitually  in  a  state  of 
contraction,  so  that  the  contents  of  the  intestine  are  not  allowed  to 
escape.  When  any  external  irritation  is  applied  to  the  anus,  or 
whenever  the  feces  present  themselves  internally,  the  sphincter 
contracts  involuntarily,  and  the  discharge  of  the  feces  is  prevented. 
This  habitual  closure  of  the  sphincter  depends  on  the  reflex  action 
of  the  spinal  cord.  It  is  entirely  an  involuntary  act,  and  will  con* 
tinue,  in  the  healthy,  condition,  during  profound  sleep,  as  complete 
and  efficient  as  in  the  waking  state. 

When  the  rectum,  however,  has  become  filled  by  the  accumula- 
tion of  feces  from  above,  the  nervous  action  changes.  Then  the 
impression  produced  on  the  mucous  membrane  of  the  distended 
rectum,  conveyed  to  the  spinal  cord,  causes  at  the  same  time  re- 
laxation of  the  sphincter  and  contraction  of  the  rectum  itself;  so 
that  a  discharge  of  the  feces  consequently  takes  place. 

Now  all  these  actions  are  to  some  extent  under  the  control  of 
sensation  and  volition.  The  distended  state  of  the  rectum  is  usually 
accompanied  by  a  distinct  sensation,  and  the  resistance  of  the 
sphincter  may  be  voluntarily  prolonged  for  a  certain  period,  just  as 
the  respiratory  movements,  which  are  usually  involuntary,  may  be 
intentionally  hastened  or  retarded,  or  even  temporarily  suspended. 
But  this  voluntary  power  over  the  sphincter  and  the  rectum  is 
limited.  After  a  time  the  involuntary  impulse,  growing  more 
uqjent  with  the  increased  distension  of  the  rectum,  becomes  irre- 
sistible ;  and  the  discharge  finally  takes  place  by  the  simple  reflex 
action  of  the  spinal  cord. 

If  the  spinal  cord  be  injured  in  its  middle  or  upper  portions,  the 
sensibility  and  voluntary  action  of  the  sphincter  are  lost,  because  its 
connection  with  the  brain  has  been  destroyed.  The  evacuation 
then  takes  place  at  once,  by  the  ordinary  mechanism,  as  soon  as 
the  rectum  is  filled,  but  without  any  knowledge  on  the  part  of  the 
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patient.    The  discharges  are  then  said  to  be  '^  involuntarj  and  un- 
conscious." 

If  the  irritability  of  the  cord,  on  the  other  hand,  be  exaggerated 
by  disease,  while  its  connection  with  the  brain  remains  entire,  the  I 
distension  of  the  rectum  is  announced  by  the  usual  sensation,  but 
the  reflex  impulse  to  evacuation  is  so  urgent  that  it  cannot  be 
controlled  by  the  will,  and  the  patient  is  compelled  to  allow  it  to 
take  place  at  once.  The  discharges  are  then  said  to  be  simply 
"  involuntary." 

Finally,  if  the  substance  of  the  spinal  cord  be  extensively  de* 
Btroyed  by  accident  or  disease,  the  sphincter  is  permanently  relaxed. 
The  feces  are  then  evacuated  almost  continuously,  without  any 
knowledge  or  control  on  the  part  of  the  patient,  as  fast  as  they 
descend  into  the  rectum  from  the  upper  portions  of  the  intestine. 

Injury  of  the  spinal  cord  produces  a  somewhat  different  effect  on 
the  urinary  bladder.  Its  muscular  fibres  are  directly  paralyzed ; 
and  the  organ,  being  partially  protected  by  elastic  fibres,  both  at 
its  own  orifice  and  along  the  urethra,  becomes  gradually  distended 
by  urine  from  the  kidneys.  The  urine  then  overcomes  the  elas- 
ticity of  the  protecting  fibres,  by  simple  force  of  accumulation,  and 
afterward  dribbles  away  as^fast  as  it  is  excreted  by  the  kidneys. 
Paralysis  of  the  bladder,  therefore,  first  causes  a  permanent  disten- 
sion of  the  organ,  which  is  afterward  followed  by  a  continuous, 
passive,  and  incomplete  discharge  of  its  contents. 

Injury  of  the  spinal  cord  produces  also  an  important,  though 
probably  an  indirect  effect  on  nutrition,  secretion,  animal  heat,  &c., 
in  the  paralyzed  parts.  Diseases  of  the  cord  which  result  in  its 
softiening  or  disintegration,  are  notoriously  accompanied  by  consti- 
pation, oft^n  of  an  extremely  obstinate  character.  In  complete 
paraplegia,  also,  the  lower  extremities  become  emaciated.  The 
texture  and  consistency  of  the  muscles  are  altered,  and  the  animal 
temperature  is  considerably  reduced.  All  such  disturbances  of 
nutrition,  however,  which  almost  invariably  follow  upon  local  pa; 
lysis,  are  no  doubt  immediately  owing  to  the  inactive  condition  of 
the  muscles ;  a  condition  which  naturally  induces  debility  of  the 
circulation,  and  consequently  of  all  those  ftinctions  which  are  de- 
pendent upon  it. 

It  is  less  easy  to  explain  the  connection  between  injury  of  the) 
spinal  cord  and  inflammation  of  the  urinary  passages.    It  is,  how- ! 
ever,  a  matter  of  common  observation  among  pathologists,  that 
injury  or  disease  of  the  cord,  particularly  in  the  dorsal  and  upper 
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lumbar  regions,  is  soon  followed  bj  catarrhal  inflammation  of  the 
nrinary  passages.  This  gives  rise  to  an  abundant  production  of 
!  altered  mucus,  which  in  its  turn,  bj  causing  an  alkaline  fermenta- 
tion of  the  urine  contained  in  the  bladder,  converts  it  into  an  irri- 
tating and  ammoniacal  liquid,  which  reacts  upon  the  mucous  mem- 
brane and  aggravates  the  previous  inflammation. 

We  find,  therefore,  that  the  spinal  cord,  in  its  character  of  a 
nervous  centre,  exerts  a  general  protective  action  over  the  whole 
body.  It  presides  over  the  involuntary  movements  of  the  limba 
and  trunk ;  it  regulates  the  action  of  the  sphincters,  the  rectum, 
and  the  bladder ;  while  at  the  same  time  it  exerts  an  indirect  influ- 
ence on  the  nutritive  changes  in  those  parts  which  it  supplies  with 
nerves. 
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CHAPTER   IV. 

THE  BBAIN. 

By  the  brain,  or  encephalotjL,  as  it  is  sometimes  called,  we  mean  all 
that  portion  of  the  nervous  system  which  is  situated  within  the 
cavity  of  the  cranium.  It  consists,  as  we  have  already  shown,  of 
a  series  of  different  ganglia,  connected  with  each  other  by  transverse 
and  longitudinal  commissures. 

Since  we  have  found  the  functions  of  sensation  and  motion,  or 
sensibility  and  excitability,  so  distinctly  separated  in  the  spinal 
cord,  we  should  expect  to  find  the  same  distinction  in  the  interior 
of  the  brain.  These  two  properties  have  indeed  been  found  to  be 
distinct  from  each  other,  so  far  as  they  exist  at  all,  in  the  encephalic 
mass ;  but  it  is  a  very  remarkable  fact  that  they  are  both  confined 
to  very  small  portions  of  the  brain,  in  comparison  with  its  entire 
bulk.  According  to  the  investigations  of  Longet,  neither  the 
olfactory  ganglia,  the  corpora  striata,  the  optic  thalami  the  tuber- 
cula  quadrigemina,  nor  the  white  or  gray  substance  of  the  cerebrum 
or  the  cerebellum,  are  in  the  least  degree  excitable.  Mechanical 
irritation  of  these  parts  does  not  produce  the  slightest  convulsive 
movement  in  the  muscles  below.  The  application  of  caustic  liquids 
and  the  passage  of  galvanic  currents  are  equally  without  effect. 
The  only  portions  of  the  brain  in  which  irritation  is  followed  by 
convulsive  movements  are  the  anterior  surface  of  the  medulla  ob- 
longata, the  tuber  annulare,  and  the  lower  part  of  the  crura  cerebri  ; 
that  is,  the  lower  and  central  parts  of  the  brain,  containing  continu- 
ations of  the.  anterior  columns  of  the  cord.  On  the  other  hand, 
neither  the  olfactory  ganglia,  the  corpora  striata,  the  tubercula 
quadrigemina,  nor  the  white  or  gray  substance  of  the  cerebrum  or 
cerebellum,  give  rise,  on  being  irritated,  to  any  painful  sensation. 
The  only  sensitive  parts  are  the  posterior  surface  of  the  medulla 
oblongata,  the  restiform  bodies,  the  processus  e  cerebello  ad  testes, 
and  the  upper  part  of  the  crura  cerebri ;  that  is,  those  portions  of 
the  base  of  the  brain  which  contain  prolongations  of  the  posterior  j 
columns  of  the  cord. 
27 
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The  most  central  portions  of  the  nervous  system,  therefore,  and 
particularly  the  gray  matter,  are  destitute  of  both  excitability  and 
sensibility.  It  is  only  those  portions  which  serve  to  conduct  sen- 
sations and  nervous  impulses  that  can  be  excited  by  mechanical 
irritation ;  not  the  ganglionic  centres  themselves,  which  receive  and 
originate  the  nervous  impressions. 

We  shall  now  study  in  succession  the  different  ganglia  of  which 
the  brain  is  composed. 

Olfactory  Ganglia. — These  ganglia,  which  in  some  of  the 
lower  animals  are  very  large,  corresponding  in  size  with  the  ex- 
tent of  the  olfactory  membrane  and  the  acuteness  of  the  sense  of 
smell,  are  very  small  in  the  human  subject  They  are  situated  on 
the  cribriform  plate  of  the  ethmoid  bone,  oh  each  side  of  the  crista 
galli,  just  beneath  the  anterior  lobes  of  the  cerebrum.  They  send 
their  nerves  through  the  numerous  perforations  which  exist  in  the 
ethmoid  bone  at  this  part,  and  are  connected  with  the  base  of  the 
brain  by  two  longitudinal  commissures.  The  olfactory  ganglia 
with  their  commissures  are  sometimes  spoken  of  as  the  "  olfactory 
;  nerves."  They  are  not  nerves,  however,  but  ganglia,  since  they  are 
> mostly  composed  of  gray  matter;  and  the  term  "olfactory  nerves" 
can  be  properly  applied  only  to  the  filaments  which  originate  from 
them,  and  which  are  afterward  spread  out  in  the  substance  of  the 
olfactory  membrane. 

It  has  been  found  difficult  to  determine  the  function  of  these 
ganglia  by  direct  experiment  on  the  lower  animals.  They  may  be 
destroyed  by  means  of  a  strong  needle  introduced  through  the  bones 
of  the  cranium ;  but  the  signs  of  the  presence  or  absence  of  the 
sense  of  smell,  after  such  an  operation,  are  too  indefinite  to  allow  us 
to  draw  from  them  a  decided  conclusion.  The  anatomical  distribu- 
tion of  their  nerves,  however,  and  the  evident  correspondence  which 
exists,  in  different  species  of  animals,  between  their  degree  of  de- 
velopment and  that  of  the  external  olfactory  organs,  leaves  no  doubt 
as  to  their  true  function.  They  are  the  ganglia  of  the  special  sense 
of  smell,  and  are  not  connected,  in  any  appreciable  degree,  with 
ordinary  sensibility,  nor  with  the  production  of  voluntary  move- 
ments. 

Optic  Thalami. — These  bodies  are  not,  as  their  name  would 
imply,  the  ganglia  of  vision.  Longet  has  found  that  the  power  of 
sight  and  the  sensibility  of  the  pupil  both  remain,  in  birds,  after 
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the  optic  thalami  have  been  thoroughly  disorganized ;  and  that  arti- 
ficial irritation  of  the  same  ganglia  has  no  effect  in  producing 
either  contraction  or  dilatation  of  the  pupil.  The  optic  thalami, 
however,  according  to  the  same  observer,  have  a  peculiar  crossed 
action  upon  the  voluntary  movements.  If  both  hemispheres  and 
both  optic  thalami  be  removed  in  the  rabbit,  the  animal  is  still 
capable  of  standing  and  of  using  his  limbs  in  progression.  But  if 
the  right  optic  thalamus  alone  be  removed,  the  animal  falls  at  once 
upon  his  left  side ;  and  if  the  left  thalamus  be  destroyed,  a  similar 
debility  is  manifest  on  the  right  side  of  the  body.  In  these  in- 
stances there  is  no  absolute  paralysis  of  the  side  upon  which  the 
animal  &lls,  but  rather  a  simple  want  of  balance  between  the  two 
opposite  sides.  The  exact  mechanism  of  this  peculiar  functional 
disturbance  is  not  well  understood ;  and  but  little  light  has  yet 
been  thrown,  either  by  direct  experiment  or  by  the  facts  of  compa- 
rative anatomy,  on  the  real  function  of  the  optic  thalami. 

Corpora  Striata. — The  function  of  these  ganglia  is  equally 
uncertain  with  that  of  the  preceding.  They  are  traversed,  as  we 
have  already  seen,  by  fibres  coming  from  the  anterior  columns  of 
the  cord;  and  they  are  connected,  by  the  continuation  of  these 
fibres,  with  the  gray  substance  of  the  hemispheres.  They  have 
therefore,  in  all  probability,  like  the  optic  thalami,  some  connection 
with  sensation  and  volition ;  but  the  precise  nature  of  this  connec- 
tion is  at  present  altogether  unknown. 

Hemispheres. — ^The  hemispheres,  or  the  cerebral  ganglia,  con- 
stitute in  the  human  subject  about  nine-tenths  of  the  whole  mass 
of  the  brain.  Throughout  their  whole  extent  they  are  entirely 
destitute,  as  we  have  already  mentioned,  of  both  sensibility  and  ex- 
citability. Both  the  white  and  gray  substance  may  be  wounded, 
burned,  lacerated,  crushed,  or  galvanized  in  the  living  animal,  with- 
out exciting  any  convulsive  movement  or  any  apparent  sensation. 
In  the  human  subject  a  similar  insensibility  has  been  observed 
when  the  substance  of  the  hemispheres  has  been  exposed  by  acci- 
dental violence,  or  in  the  operation  of  trephining. 

Very  severe  mechanical  injuries  may  also  be  inflicted  upon  the 
hemispheres,  even  in  the  human  subject,  without  producing  any 
directly  fatal  result.  One  of  the  most  remarkable  instances  of  this 
fiact  is  a  case  reported  by  Prof.  William  Detmold,  of  New  York,'  in 

I  Am,  Jotini.  of  Med.  Sd.,  Jannary,  1850. 


420  THB   BBAIN*. 

which  an  abscess  in  the  anterior  lobe  of  the  brain  was  opened  by  an 
incision  passing  through  the  cerebral  substance,  not  only  without 
any  immediate  bad  effect,  but  with  great  temporary  relief  to  the 
patient.  This  was  the  case  of  a  laborer  who  was  struck  on  the  left 
side  of  the  forehead  by  a  piece  of  falling  timber,  which  produced  a 
compound  fracture  of  the  skull  at  this  part.  One  or  two  pieces  of 
bone  afterward  became  separated  and  were  removed,  and  the  wound 
subsequently  healed.  Nine  weeks  after  the  accident,  however, 
headache  and  drowsiness  came  on ;  and  the  latter  symptom,  becom- 
ing rapidly  aggravated,  soon  terminated  in  complete  stupor.  At 
this  time,  the  existence  of  an  abscess  being  suspected,  the  cicatrix, 
together  with  the  adherent  portion  of  the  dura  mater,  was  dissected 
away,  several  pieces  of  fractured  bone  removed,  and  the  surface  of 
the  brain  exposed.  A  knife  was  then  passed  into  the  cerebral  sub- 
stance, making  a  wound  one  inch  in  length  and  half  an  inch  in 
depth,  when  the  abscess  was  reached  and  over  two  ounces  of  pus 
discharged.  The  patient  immediately  aroused  from  his  comatose 
condition,  so  that  he  was  able  to  speak ;  and  in  a  few  days  reco- 
vered, to  a  very  considerable  extent,  his  cheerfulness,  intelligence, 
and  appetite.  Subsequently,  however,  the  collection  of  pus  re- 
turned, accompanied  by  a  renewal  of  the  previous  symptoms ;  and 
the  patient  finally  died  at  the  end  of  seven  weeks  from  the  time  of 
opening  the  abscess. 

Another  and  still  more  striking  instance  of  recovery  from  severe 
injury  of  the  brain  is  reported  by  Prof.  H.  J.  Bigelow  in  the 
American  Journal  of  Medical  Sciences  for  July,  1850.  In  this  case,  a 
pointed  iron  bar,  three  feet  and  a  half  in  length,  and  one  inch  and  a 
quarter  in  diameter,  was  driven  through  the  patient's  head  by  the 
premature  blasting  of  a  rock.  The  bar  entered  the  left  side  of  the 
face,  just  in  front  of  the  angle  of  the  jaw,  and  passed  obliquely 
upward,  inside  the  zygomatic  arch  and  through  the  anterior  part 
of  the  cranial  cavity,  emerging  from  the  top  of  the  frontal  bone  on 
the  median  line,  just  in  front  of  the  point  of  union  of  the  coronal 
and  sagittal  sutures.  The  patient  was  at  first  stunned,  but  soon 
recovered  himself  so  far  as  to  be  able  to  converse  intelligently,  rode 
home  in  a  common  cart,  and  with  a  little  assistance  walked  up  stairs 
to  his  room.  He  became  delirious  within  two  days  after  the  acci- 
dent, and  subsequently  remained  partly  delirious  and  partly  coma- 
tose for  about  three  weeks.  He  then  began  to  improve,  and  at  the 
end  of  rather  more  than  two  months  from  the  date  of  the  injury, 
was  able  to  walk  about.    At  the  end  of  sixteen  mouths  he  was  in 
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perfect  health,  with  the  wounds  healed,  and  with  the  mental  and 
bodily  functions  entirely  unimpaired,  except  that  sight  was  perma- 
nently lost  in  the  eye  of  the  injured  side. 

The  hemispheres,  furthermore,  are  not  the  seat  of  sensation 
volition,  nor  are  they  immediately  essential  to  the  continuance 
life.  In  quadrupeds,  the  complete  removal  of  the  hemisphereB  is 
attended  with  bo  much  hemorrhage  that  the  operation  is  generally 
fatal  from  this  cause  within  a  few  minutes.  In  birds,  however,  it 
may  be  performed  without  any  immediate  danger  to  life.  Longet 
has  removed  the  hemispheres  in  pigeons  and  fowls,  and  has  kept 
these  animals  afterward  for  several  days,  with  most  of  the  organic 
functions  uaimpaired.  We  have  frequently  performed  the  same 
experiment  upon  pigeons,  with  a  similar  favorable  result. 

The  eftect  of  this  mutilation  is  simply  to  plunge  the  animal  into 
a  state  of  profound  etupor,  in  which  he  is  almost  entirely  inatten- 
tive to  surrounding  objects.  The  bird  remains  sitting  motionless 
upon  his  perch,  or  standing  upon  the  ground,  with  the  eyes  closed, 
and  the  head  sunk  between  the  shoulders.  (Fig.  13g.)     The  plu- 
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mage  is  smooth  and  glossy,  but  is  uniformly  expanded,  by  a  kind 
of  erection  of  the  feathers,  so  that  the  body  appears  somewhat 
pufled  out,  and  larger  than  natural.  Occasionally  the  bird  opens 
his  eyes  with  a  vacant  stare,  stretches  his  neck,  perhaps  shakes  his 
bill  once  or  twice,  or  smooths  down  the  feathers  upon  his  shoulders, 
and  then  relapses  into  his  former  apathetic  condition.  This  state 
of  immobility,  however,  is  not  accompanied  by  the  loss  of  sight,  of 
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hearing,  or  of  ordinary  sensibility.  All  these  functions  remain,  as 
well  as  that  of  voluntary  motion.  If  a  pistol  be  discharged  behind 
the  back  of  the  animal,  he  at  once  opens  his  eyes>  moves  his  head 
half  round,  and  gives  evident  signs  of  having  heard  the  report ;  but 
he  immediately  becomes  quiet  again,  and  pays  no  farther  attention 
to  it.  Sight  is  also  retained,  since  the  bird  will  sometimes  fix  its 
eye  on  a  particular  object,  and  watch  it  for  several  seconds  together. 
Longet  has  even  found  that  by  moving  a  lighted  candle  before  the 
animaPs  eyes  in  a  dark  place,  the  head  of  the  bird  will  often  follow 
the  movements  of  the  candle  from  side  to  side  or  in  a  circle,  showing 
that  the  impression  of  light  is  actually  perceived  by  the  sensoriam. 
Ordinary  sensation  also  remains,  after  removal  of  the  hemispheres, 
together  with  voluntary  motion.  If  the  foot  be  pinched  with  a 
pair  of  forceps,  the  bird  becomes  partially  aroused,  moves  uneasily 
once  or  twice  from  side  to  side,  and  is  evidently  annoyed  at  the 
irritation. 

The  animal  is  still  capable,  therefore,  afl»r  removal  of  the  hemi- 
spheres, of  receiving  sensations  from  external  objects.  But  these 
sensations  appear  to  make  upon  him  no  lasting  impression.  He  is 
incapable  of  connecting  with  his  perceptions  any  distinct  succession 
of  ideas.  He  hears,  for  example,  the  report  of  a  pistol,  but  he  is  not 
alarmed  by  it ;  for  the  sound,  though  distinctly  enough  perceived, 
does  not  suggest  any  idea  of  danger  or  injury.  There  is  accord- 
ingly no  power  of  forming  mental  associations,  nor  of  perceiving 
the  relation  between  external  objects.  The  memory,  more  particu- 
larly, is  altogether  destroyed,  and  the  recollection  of  sensation  is 
not  retained  from  one  moment  to  another.  The  limbs  and  muscles 
are  still  under  the  control  of  the  will ;  but  the  will  itself  is  inactive, 
because  apparently  it  lacks  its  usual  mental  stimulus  and  direction. 
The  powers  which  have  been  lost,  therefore,  by  destruction  of  the 
cerebral  hemispheres,  are  altogether  of  a  mental  or  intellectual 
character ;  that  is,  the  power  of  comparing  with  each  other  different 
ideas,  and  of  perceiving  the  proper  relation  between  them. 

The  same  result  is  well  known  to  follow,  in  the  human  subject, 
from  injury  or  disease  of  these  parts.  A  disturbance  of  the  mental 
powers  has  long  been  recognized  as  the  ordinary  consequence  of 
lesions  of  the  brain.  In  cases  of  impending  apoplexy,  for  example, 
or  of  softening  of  the  cerebral  substance,  among  the  earliest  and 
most  constant  phenomena  is  a  loss  or  impairment  of  the  memory. 
The  patient  forgets  the  names  of  particular  objects  or  of  particular 
persons ;  or  he  is  unable  to  calculate  numbers  with  his  usual  facility. 
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His  mental  derangbment  is  often  shown  in  the  undue  estimate  which 
he  forms  of  passing  events.  He  is  no  longer  able  to  appreciate  the 
true  relation  between  different  objects  and  different  phenomena. 
Thus,  he  will  show  an  exaggerated  degree  of  solicitude  about  a 
trivial  occurrence,  and  will  pay  no  attention  to  other  matters  of 
real  importance.  As  the  difi&cultj  increases,  he  becomes  careless 
of  the  directions  and  advice  of  his  attendants,  and  must  be  watched 
and  managed  like  a  child  or  an  imbecile.  After  a  certain  period, 
he  no  longer  appreciates  the  lapse  of  time,  and  even  loses  the  dis- 
tinction between  day  and  night.  Finally,  when  the  injury  to  the 
hemispheres  is  complete,  the  senses  may  still  remain  active  and  ; 
impressible,  while  the  patient  is  completely  deprived  of  intelligence,  | 
memory,  and  judgment. 

If  we  examine  the  comparative  development  of  the  hemispheres 
in  different  species  of  animals,  and  in  different  races  of  men,  we 
shall  find  that  the  size  of  these  ganglia  corresponds  very  closely 
with  the  degree  of  intelligence  possessed  by  the  individual.  We 
have  already  traced,  in  a  preceding  chapter,  the  gradual  increase 
in  size  of  the  hemispheres  in  fish,  reptiles,  birds,  and  quadrupeds : 
four  classes  of  animals  which  may  be  arranged,  with  regard  to  the 
amount  of  intelligence  possessed  by  each,  in  precisely  the  same 
order  of  succession.  Among  quadrupeds,  the  elephant  has  much 
the  largest  and  most  perfectly  formed  cerebrum,  in  proportion  to 
the  size  of  the  entire  body ;  and  of  all  quadrupeds  he  is  proverbially 
the  most  intelligent  and  the  most  teachable.  It  is  important  to 
observe  in  this  connection,  that  the  kind  of  intelligence  which 
characterizes  the  elephant  and  some  other  of  the  lower  animals, 
and  which  most  nearly  resembles  that  of  man,  is  a  teachable  intelli-J 
gence ;  a  very  different  thing  from  the  intelligence  which  depends 
upon  instinct,  such  as  that  of  insects,  for  example,  or  birds  of  pas- 1 
sage.  Instinct  is  unvarying,  and  always  does  the  same  thing  in  the  | 
same  manner,  with  endless  repetition ;  but  intelligence  is  a  power  \ 
which  adapts  itself  to  new  circumstances,  and  enables  its  possessor, 
by  comprehending  and  retaining  new  ideas,  to  profit  by  experience. 
It  is  this  quality  which  distinguishes  the  higher  classes  of  animals 
from  the  lower;  and  which,  in  a  very  much  greater  degree,  con- 
stitutes the  intellectual  superiority  of  man  himself.  The  size  of 
the  cerebrum  in  man  is  accordingly  very  much  greater,  in  propor- 
tion to  that  of  the  entire  body,  than  in  any  of  the  lower  animals ; 
while  other  parts  of  the  brain,  on  the  contrary,  such  as  the  olfactory 
ganglia  or  the  optic  tubercles,  are  frequently  smaller  in  him  than 
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in  them.  For  while  man  is  superior  in  general  intelligence  to  all 
the  lower  animals,  he  is  inferior  to  many  of  them  in  the  acuteness 
of  the  special  senses. 

As  a  general  rule,  also,  the  size  of  the  cerebrum  in  different 
races  and  in  different  individuals  corresponds  with  the  grade  of 
their  intelligence.  The  size  of  the  cranium,  as  compared  with  that 
of  the  face,  is  smallest  in  the  savage  negro  and  Indian  tribes ;  larger 
in  the  civilized  or  semi-civilized  Chinese,  Malay,  Arab,  and  Japan- 
ese ;  while  it  is  largest  of  all  in  the  enlightened  European  races. 
This  difference  in  the  development  of  the  brain  is  not  probably  an 
effect  of  long-continued  civilization  or  otherwise ;  but  it  is,  on  the 
contrary,  the  superiority  in  cerebral  development  which  makes 
some  races  readily  susceptible  of  civilization,  while  others  are 
either  altogether  incapable  of  it^  or  can  only  advance  in  it  to  a 
certain  limit.  Although  all  races  therefore  may,  perhaps,  be  said 
to  start  from  the  same  level  of  absolute  ignorance,  yet  after  the 
lapse  of  a  certain  time  one  race  will  have  advanced  farther  in 
civilization  than  another,  owing  to  a  superior  capacity  for  improve- 
ment, dependent  on  original  organization. 

The  same  thing  is  true  with  regard  to  different  individuals.  At 
birth,  all  men  are  equally  ignorant ;  and  yet  at  the  end  of  a  certain 
period  one  will  have  acquired  a  very  much  greater  intellectual 
power  than  another,  even  under  similar  conditions  of  training, 
education,  &c.  He  has  been  able  to  accumulate  more  information 
from  the  same  sources,  and  to  use  the  same  experience  to  better 
advantage  than  his  associates ;  and  the  result  of  this  is  a  certain 
intellectual  superiority,  which  becomes  still  greater  by  its  own 
exercise.  This  superiority,  it  will  be  observed,  lies  not  so  much 
in  the  power  of  perceiving  external  objects  and  events,  and  of  re- 
cognizing the  connection  between  them,  as  in  that  of  drawing  con- 
clusions from  one  fact  to  another,  and  of  adapting  to  new  combina- 
tions the  knowledge  which  has  already  been  acquired. 

It  is  this  particular  kind  of  intellectual  difference,  existing  in  a 
marked  degree,  between  animals,  races,  and  individuals,  which  cor- 
responds with  the  difference  in  development  of  the  cerebral  hemi- 
spheres. We  have,  therefore,  evidence  from  three  different  sources 
that  the  cerebral  hemispheres  are  the  seat  of  the  reasoning  powers, 
or  of  the  intellectual  faculties  proper.  First,  when  these  ganglia 
are  removed  in  the  lower  animals,  the  intellectual  faculties  are  the 
only  ones  which  are  lost.  Secondly,  injury  to  these  ganglia,  in  the 
human  subject,  is  followed  by  a  corresponding  impairment  of  the 
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same  faculties.  Thirdly,  in  diiSerent  species  of  animals^  as  well  as 
in  different  races  of  men  and  in  different  individuals,  the  develop- 
ment of  these  faculties  is  in  proportion  to  that  of  the  cerebral 
hemispheres. 

When  we  say,  however,  that  the  hemispheres  are  the  seat  of  the 
intellectual  faculties,  of  memory,  reason,  judgment,  and  the  like, 
we  do  not  mean  that  these  faculties  are,  strictly  speaking,  located 
in  the  substance  of  the  hemispheres,  or  that  they  belong  directly  to 
the  matter  of  which  the  hemispheres  are  composed.  The  hemi-  I 
spherical  ganglia  are  simply  the  instruments  through  which  the 
intellectual  powers  manifest  themselves,  and  which  are  accordingly 
necessary  to  their  operation.  If  these  instruments  be  imperfect  in 
structure,  or  be  damaged  in  any  manner  by  violence  or  disease,  the 
manifestations  of  intelligence  are  affected  in  a  corresponding  degree. 
So  far,  therefore,  as  the  mental  faculties  are  the  subject  of  physio- 
logical research  and  experiment,  they  are  necessarily  connected 
with  the  hemispherical  ganglia;  and  the  result  of  investigation 
shows  this  connection  to  be  extremely  intimate  and  important  in 
its  character. 

There  are,  however,  various  circumstances  which  modify,  in 
particular  cases,  the  general  rule  given  above,  viz.,  that  the  larger 
the  cerebrum  the  greater  the  intellectual  superiority.  The  func- 
tional activity  of  the  brain  is  modified,  no  doubt,  by  its  texture  as 
well  as  by  its  size ;  and  an  increased  excitability  may  compensate, 
partially  or  wholly,  for  a  deficiency  in  bulk.  This  fact  is  some- 
times illustrated  in  the  case  of  idiots.  There  are  instances  where 
idiotic  children  with  small  brains  are  less  imbecile  and  helpless 
than  others  with  a  larger  development,  owing  to  a  certain  vivacity 
and  impressibility  of  organization  which  take  the  place,  to  a  certain 
extent^  of  the  purely  intellectual  faculties. 

This  was  the  case,  in  a  marked  degree,  with  a  pair  of  dwarfed 
and  idiotic  Central  American  children,  who  were  exhibited  some 
years  ago  in  various  parts  of  the  United  States,  under  the  name  of 
the  "  Aztec  children."  They  were  a  boy  and  a  girl,  aged  respectively 
about  seven  and  five  years.  The  boy  was  2  feet  9f  inches  high,  and 
weighed  a  little  over  20  pounds.  The  girl  was  2  feet  5J  inches 
high,  and  weighed  17  pounds.  Their  bodies  were  tolerably  well 
proportioned,  but  the  cranial  cavities,  as  shown  by  the  accompany- 
ing portraits,  were  extremely  small. 

The  antero-posterior  diameter  of  the  boy's  head  was  only  4J 
inches,  the  transverse  diameter  less  than  4  inches.     The  antero- 
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posterior  diameter  of  the  girl's  head  was  ij  inches,  the  traosTen 
diameter  only  3J  inches.  The  habits  of  these  children,  so  far  i 
regards  feeding  and  taking  care  of  themselves,  were  those  of  c""" 
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dren  two  or  three  years  of  age.  They  were  incapable  of  learnio] 
to  talk,  and  could  only  repeat  a  few  isolated  words.  Notwithsta 
ing,  however,  the  extremely  limited  range  of  their  intelleoEo 
powers,  these  children  were  remarkably  vivacious  and  excitabli| 
While  awake  they  were  in  almost  constant  motion,  and  any  n 
object  or  toy  presented  to  them  immediately  attracted  their  atte 
tion,  and  evidently  awakened  a  lively  curiosity.  They  were  I 
cordingly  easily  influenced  by  proper  management,  and  undei 
readily  the  meaning  of  those  who  addressed  them,  bo  far  as  t 
meaning  could  be  conveyed  by  gesticulation  and  the  tones  of  th^ 
voice.  Their  expression  and  general  appearance,  though  decidedly 
idiotic,  were  not  at  all  disagreeable  or  repulsive;  and  they  were 
much  less  troublesome  to  the  persons  who  had  them  in  charge  than 
ia  often  the  case  with  idiots  possessing  a  larger  cerebral  development. 

It  may  also  be  observed  that  the  purely  intellectual  or  reasoning 
powers  are  not  the  only  element  in  the  mental  superiority  of  certain 
races  or  of  particular  individuals  over  their  associates.  There  ia 
also  a  certain  rapidity  of  perception  and  strength  of  will  which  may 
sometimes  overbalance  greater  intellectual  acquirements  and  more 
cultivated  reasoning  powers.  These,  however,  are  different  facul- 
ties from  the  latter ;  and  occupy,  as  we  shall  hereafter  see,  different 
parts  of  the  encephalon. 

A  very  remarkable  physiological  doctrine,  dependent  partly  0 
the  foregoing  facta,  was  brought  forward  some  years  ago  by  C 
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and  Spurzheim,  under  the  name  of  Phreriology.  These  observers 
recognized  the  fact  that  the  intellectual  powers  are  undoubtedly 
seated  in  the  brain,  and  that  the  development  of  the  brain  isy  as  a 
general  rule,  in  correspondence  with  the  activity  of  these  powers. 
They  noticed  also  that  in  other  parts  of  the  nervous  system,  different 
functions  occupy  different  situations ;  and  regarding  the  mind  as 
made  up  of  many  distinct  mental  faculties,  they  conceived  the  idea 
that  these  different  faculties  might  be  seated  in  different  parts  of 
the  cerebral  mass.  If  so,  each  separate  portion  of  the  brain  would 
undoubtedly  be  more  or  less  developed  in  proportion  to  the  activity 
of  the  mental  trait  or  faculty  residing  in  it.  The  shape  of  the  head 
would  then  vary  in  different  individuals,  in  accordance  with  their 
mental  peculiarities ;  and  the  character  and  endowments  of  the  in- 
dividual might  therefore  be  estimated  from  an  examination  of  the 
elevations  and  depressions  on  the  surface  of  the  cranium. 

Accordingly,  the  authors  of  this  doctrine  endeavored,  by  examin- 
ing the  heads  of  various  individuals  whose  character  was  already 
known,  to  ascertain  the  location  of  the  different  mental  faculties. 
In  this  manner  they  finally  succeeded,  as  they  supposed,  in  accom- 
plishing their  object;  after  which  they  prepared  a  chart,  in  which 
the  surface  of  the  cranium  was  mapped  out  into  some  thirty  or  forty 
different  regions,  corresponding  with  as  many  different  mental  traits 
or  faculties.  With  the  assistance  of  this  chart  it  was  thought  that 
phrenology  might  be  practised  as  an  art ;  and  that,  by  one  skilled 
in  its  application,  the  character  of  a  stranger  might  be  discovered 
by  simply  examining  the  external  conformation  of  his  head. 

We  shall  not  expend  much  time  in  discussing  the  claims  of  phre- 
nology to  rank  as  a  science  or  an  art,  since  we  believe  that  it  has 
of  late  years  been  almost  wholly  discarded  by  scientific  men,  owing 
to  the  very  evident  deficiencies  of  the  basis  upon  which  it  was 
founded.  Passing  over,  therefore,  many  minor  details,  we  w^ill 
merely  point  out,  as  matters  of  physiological  interest,  the  principal 
defects  which  must  always  prevent  the  establishment  of  phrenology 
as  a  science,  and  its  application  as  an  art. 

First,  though  we  have  no  reason  for  denying  that  different  parts 
of  the  brain  may  be  occupied  by  different  intellectual  faculties, 
there  is  no  direct  evidence  which  would  show  this  to  be  the  case. 
Phrenologists  include,  in  those  parts  of  the  brain  which  they  em- 
ploy for  examination,  both  the  cerebrum  and  cerebellum ;  and  they 
justly  regard  the  external  parts  of  these  bodies,  viz.,  the  layer  of 
gray  matter  which  occupies  their  surface,  as  the  ganglionic  portion 
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in  which  must  reside  more  especially  the  nervous  functions  which 
they  possess.  But  this  layer  of  gray  matter,  in  each  principal  por- 
tion of  the  brain,  is  continuous  throughout.  There  is  no  anatomical 
division  or  limit  between  its  diflFerent  parts,  like  those  between 
the  diflFerent  ganglia  in  other  portions  of  the  nervous  system ;  and 
consequently  such  divisions  of  the  cerebrum  and  cerebellum  must 
be  altogether  arbitrary  in  character,  and  not  dependent  on  any 
anatomical  basis. 

Secondly,  the  only  means  of  ascertaining  the  location  of  the 
diflFerent  mental  traits,  supposing  them  to  occupy  diflFerent  parts  of 
the  brain,  would  be  that  adopted  by  Gall  and  Spurzheim,  viz.,  to 
make  an  accurate  comparison,  in  a  suflBcient  number  of  cases,  of  the 
form  of  the  head  in  individuals  of  known  character.  But  the  prac- 
tical difl&culty  of  accomplishing  this  is  very  great.  It  requires  a 
long  acquaintance  and  close  observation  to  learn  accurately  the 
character  of  a  single  person ;  and  it  is  in  this  kind  of  observation, 
more  than  in  any  other,  that  we  are  proverbially  liable  to  mistakes. 
It  is  extremely  improbable,  therefore,  that  either  Gall  or  Spurzheim 
could,  in  a  single  lifetime,  have  accomplished  this  comparison  in  so 
many  instances  as  to  furnish  a  reliable  basis  for  the  construction  of 
a  phrenological  chart. 

A  still  more  serious  practical  diflftculty,  however,  is  the  following. 
The  diflFerent  intellectual  faculties  being  supposed  to  reside  in  the 
layer  of  gray  substance  constituting  the  surfaces  of  the  cerebrum 

and  cerebellum,  they  must  of  course  be 
distributed  throughout  this  layer,  where- 
ever  it  exists.  Gall  and  Spurzheim 
located  all  the  mental  faculties  in  those 
parts  of  the  brain  which  are  accessible 
to  external  exploration.  An  examina- 
tion of  diflFerent  sections  of  the  brain 
will  show,  however,  that  the  greater  por- 
tion of  the  gray  substance  is  so  placed, 
that  its  quantity  cannot  be  estimated  by 
an  external  examination  through  the 
skull.  The  only  portions  which  are 
exposed  to  such  an  examination  are  the 
upper  and  lateral  portions  of  the  con- 
vexities of  the  hemispheres,  together 
with  the  posterior  edge  and  part  of  the 
under  surface  of  the  cerebellum.  (Fig.  140.)    A  very  extensive 
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Diagram  of  the  Brain  iir  bitit, 
showing  thoHO  portions  which  are  ex- 
poH«d  to  ezamioatioa. 
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portion  of  the  cerebral  surface,  however,  remains  concealed  in  such 
a  manner  that  it  cannot  possibly  be  subjected  to  examination,  viz^ 
the  entire  base  of  the  brain,  with  the  under  surface  of  the  ante- 
rior and  middle  lobes  (i,  2);  the  upper  surface  of  the  cerebellum 
(»)  and  the  inferior  surfece  of  the  posterior  lobe  of  the  cerebrum 
which  covers  it  (4) ;  that  portion  of  the  cerebellum  situated  above  the 
medulla  oblongata  («);  and  the  two  opposite  convoluted  surfaces  in 
the  fissure  of  Sylvius  («,  7),  where  the  anterior  and  middle  lobes  of 
the  cerebrum  lie  in  contact  with  each  other.  The  whole  extent, 
also,  of  the  cerebral  surfaces  which  are  opposed  to  each  other  in  the 
great  longitudinal  fissure  (Fig.  141),  throughout  its  entire  length, 
are  equally  protected  by  their  position,  and 
concealed  from  external  examination.  The 
whole  of  the  convoluted  surface  of  the  brain 
must,  however,  be  regarded  as  of  equal  im- 
portance in  the  distribution  of  the  mental 
qualities;  and  yet  it  is  evident  that  not 
more  than  one-third  or  one-quarter  of  this 
surface  is  so  placed  that  it  can  be  examined 
by  external  manipulation.  It  must  further- 
more be  recollected  that  the  gray  matter  of 
the  cerebrum  and  cerebellum  is  everywhere 
convoluted,  and  that  the  convolutions  pene- 
trate to  various  depths  in  the  substance  of 
the  brain.  Even  if  we  were  able  to  feel,  therefore,  the  external 
surface  of  the  brain  itself,  it  would  not  be  the  entire  convolutions, 
but  only  their  superficial  edges,  that  we  should  really  be  able  to 
examine.  And  yet  the  amount  of  gray  matter  contained  in  a  given 
space  depends  quite  as  much  upon  the  depth  to  which  the  convolu- 
tions penetrate,  as  upon  the  prominence  of  their  edges. 

While  phrenology,  therefore,  is  partially  founded  upon  acknow- 
ledged physiological  facts,  there  are  yet  essential  deficiencies  in  its 
scientific  basis,  as  well  as  insurmountable  difficulties  in  the  way  of 
its  practical  application. 


TraDHverse  section  of  B  B  ▲  I X, 
showing  depth  of  great  longi- 
tudinal fissure,  at  a. 


Cerebellum. — The  cerebellum  is  the  second  ganglion  of  the 
encephalon,  in  respect  to  size.  If  it  be  examined,  moreover,  in 
regard  to  the  form  and  disposition  of  its  convolutions,  it  will  be 
seen  that  these  are  much  more  complicated  and  more  numerous 
than  in  the  cerebrum,  and  penetrate  much  deeper  into  its  substance. 
Though  the  cerebellum  therefore  is  smaller,  as  a  whole,  than  the 
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cerebrum,  it  contains,  in  proportion  to  its  size,  a  much  larger  quan- 
tity of  gray  matter. 

In  examining  the  comparative  development  of  the  brain,  also,  in 
different  classes  and  species  of  animals,  we  find  that  the  cerebellum 
nearly  always  keeps  pace,  in  this  respect,  with  the  cerebrum.  These 
facts  would  lead  us  to  regard  it  as  a  ganglion  hardly  secondary  in 
importance  to  the  cerebrum  itself. 

Physiologists,  however,  have  thus  far  failed  to  demonstrate  the 
nature  of  its  function  with  the  same  degree  of  precision  as  that  of 
many  other  parts  of  the  brain.  The  opinion  of  Gall,  which  located 
in  the  cerebellum  the  sexual  impulse  and  instincts,  is  at  the  present 
day  generally  abanidoned ;  for  the  reason  that  it  has  not  been  found 
to  be  sufficiently  supported  by  anatomical  and  experimental  facta^ 
many  of  which  are  indeed  directly  opposed  to  it.  The  opinion 
which  has  of  late  years  been  received  with  the  most  favor  is  that 
first  advocated  by  Flourens,  which  attributes  to  the  cerebellum  the 
power  of  associating  or  "co-ordinating"  the  different  voluntary 
movements. 

It  is  evident,  indeed,  that  such  a  power  does  actually  reside  in 
some  part  of  the  nervous  system.  No  movements  are  effected  by 
the  independent  contraction  of  single  muscles;  but  always  by 
several  muscles  acting  in  harmony  with  each  other.  The  number 
and  complication  of  these  associated  movements  vary  in  different 
classes  of  animals.  In  fish,  for  example,  progression  is  accom- 
plished in  the  simplest  possible  manner,  viz.,  by  the  lateral  flexion 
and  extension  of  the  vertebral  column.  In  serpents  it  is  much  the 
same.  In  frogs,  lizards,  and  turtles,  on  the  other  hand,  the  four 
jointed  extremities  come  into  play,  and  the  movements  are  some- 
what complicated.  They  are  still  more  so  in  birds  and  quadrupeds; 
and  finally,  in  the  human  subject  they  become  both  varied  and 
complicated  in  the  highest  degree.  Even  in  maintaining  the  ordi- 
nary postures  of  standing  and  sitting,  there  are  many  different  mus- 
cles acting  together,  in  each  of  which  the  degree  of  contraction,  in 
order  to  preserve  the  balance  of  the  body,  must  be  accurately  pro- 
portioned to  that  of  the  others.  In  the  motions  of  walking  and 
running,  or  in  the  still  more  delicate  movements  of  the  hands  and 
fingers,  this  harmony  of  muscular  action  becomes  still  more  evident, 
and  is  seen  also  to  be  absolutely  indispensable  to  the  efficiency  of 
the  muscular  apparatus. 

The  opinion  which  locates  the  above  harmonizing  or  associating 
power  in  the  cerebellum  was  first  suggested  by  the  effects  observed 
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after  experiraentally  injuring  or  destrojing  this  part  of  the  brain. 
If  the  cerebellum  be  exposed  in  a  living  pigeon,  and  a  portion  of 
its  substance  removed,  the  animal  exhibits  at  once  a  peculiar  un- 
certainty in  his  gait,  and  in  the  movemoot  of  his  wings.  If  tha 
injury  be  more  extensive,  be  loses  altogether  the  power  of  flight, 
and  can  walk,  or  even  stand,  only  with  great  difficulty.  This  is  not 
owing  to  any  actual  paralysis,  for  the  movements  of  the  limbs  are 
exceedingly  rapid  and  energetic ;  but  is  due  to  a  peculiar  want  of 
control  over  the  muscular  contractions,  precisely  similar  to  that 
which  ig  seen  in  a  man  in  a  state  of  intoxication.  The  movements 
of  the  legs  and  wings,  though  forcible  and  rapid,  are  confused  and 
blundering;  so  that  the  animal  cannot  direct  his  steps  to  any  par- 
ticular spot,  nor  support  himself  in  the  air  by  flight.  He  reels  and 
tumbles,  but  can  neither  walk  nor  fly. 


I  The  senses  and  intelligence  at  the  same  time  are  unimpaired.  It 
extremely  curious,  as  first  remarked  by  Longet,  to  compare  the 
aifferent  phenomena  profluced  by  removal  of  the  cerebrum  and 
that  of  the  cerebellum.  If  we  do  these  operations  upon  two  dif- 
ferent pigeons,  and  place  the  animals  side  by  side,  it  will  be  seen 
that  the  first  pigeon,  from  whom  the  cerebrum  only  has  been  re- 
moved, remains  standing  firmly  upon  his  feet,  in  a  condition  of 
mplete  repose;  and  that  when  aroused  and  compelled  to  stir,  he 
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moves  sluggishly  and  unwillingly,  but  otherwise  acts  in  a  perfectly 
natural  manner.  The  second  pigeon,  on  the  other  hand,  from 
whom  the  cerebellum  only  has  been  taken  away,  is  in  a  constant 
state  of  agitation.  He  is  easily  terrified,  and  endeavors,  frequently 
with  violent  struggles,  to  escape  the  notice  of  those  who  are 
watching  him;  but  his  movements  are  sprawling  and  unnatural, 
and  are  evidently  no  longer  under  the  eflfectual  control  of  the  will. 
(Fig.  142.)  If  the  entire  cerebellum  be  destroyed,  the  animal  is 
no  longer  capable  of  assuming  or  retaining  any  natural  posture. 
His  legs  and  wings  are  almost  constantly  agitated  with  ineffectual 
struggles,  which  are  evidently  voluntary  in  character,  but  are  at 
the  same  time  altogether  irregular  and  confused.  Death  generally 
takes  place  after  this  operation  within  twenty -four  hours. 

We  have  often  performed  the  above  operation,  and  always  with 
the  same  effect.  Indeed  there  are  few  experiments  that  have  been 
tried  upon  the  nervous  system,  which  give  results  so  uniform  and 
so  constant  as  this.  Taken  by  themselves,  these  results  would 
invariably  sustain  the  theory  of  Flourens,  which,  indeed,  is  founded 
entirely  upon  them. 

But  we  have  met  with  another  very  important  fSsict,  in  this  respect, 
which  has  hitherto  escaped  notice.  That  is,  that  birds,  which  have 
lost  their  power  of  muscular  co-ordination  from  injury  of  the  cere- 
bellum, may  recover  this  power  in  process  ofiime^  notwithstanding  that 
a  large  portion  of  the  cerebellum  has  been  permanently  removed. 
Usually  such  an  operation  upon  the  cerebellum,  as  we  have  men- 
tioned above,  is  fatal  within  twenty-four  hours,  probably  on  account 
of  the  close  proximity  of  the  medulla  oblongata.  But  in  some 
instances,  the  pigeons  upon  which  we  have  operated  have  survived, 
and  in  these  cases  the  co-ordinating  power  became  re-established. 

In  the  first  of  these  instances,  about  two-thirds  of  the  cerebellum 
was  taken  away,  by  an  opening  in  the  posterior  part  of  the  cranium. 
Immediately  after  the  operation,  the  animal  showed  all  the  usual 
efiects  of  the  operation,  being  incapable  of  flying,  walking,  or  even 
standing  still,  but  reeled  and  sprawled  about  in  a  perfectly  helpless 
manner.  In  the  course  of  five  or  six  days,  however,  he  had  regained 
a  very  considerable  control  over  the  voluntary  movements,  and  at 
the  end  of  sixteen  days  his  power  of  muscular  co-ordination  was 
so  nearly  perfect,  that  its  deficiency,  if  any  existed,  was  impercep- 
tible. He  was  then  killed ;  and  on  examination,  it  was  found  that 
his  cerebellum  remained  in  nearly  the  same  condition  as  immediately 
after  the  operation ;  about  two- thirds  of  its  substance  being  deficient^ 
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and  no  attempt  having  been  made  at  regeneration  of  the  lost  parts. 
The  accompanying  figures^  148  to  146,  show  the  appearances,  in 
this  case,  as  compared  with  the  brain  of  a  healthy  pigeon. 

We  have  also  met  with  three  other  cases,  similar  to  the  above,  in 
which  about  one-half  of  the  cerebellum  was  removed  by  operation. 
The  loss  of  co-ordinating  power,  immediately  after  the  operation, 
though  less  complete  than  in  the  instance  above  mentioned,  was 
perfectly  well  marked  in  character ;  and  in  little  more  than  a  fort- 
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Bbai2«  or  Hkaltht  Pioioir— Profile 
T'.ew.— 1  Hem.ftpbere.  S  Optie  tnb«rcle.  3. 
Cerebellam.    4.  Optle  oerve.    A.  Medulla  ob- 

Fig.  145. 


Braiit  or  Opibatbd  Piokoit— 
Pr.iflle  vl'^w— vhowiug  the  maciUtion 
of  oerebellam. 

Fig.  146. 


Bbain  or  Hbaltht   Piobob— Potte- 
rior  flew. 


Bbatb  or  Opbbatbd  Piobob^ 
Poitcerior  flew— showing  the  matllB- 
tlon  of  cerebellum. 


night  the  animals  had  nearly  or  quite  recovered  the  natural  control 
of  their  motions. 

These  instances  show,  accordingly,  that  a  large  portion  of  the 
cerebellum  may  be  wanting  without  a  corresponding  deficiency  of 
the  co-ordinating  power.  If  the  theory  of  Flourens  be  correct, 
therefore,  these  cases  can  only  be  explained  by  supposing  that 
those  parts  of  the  cerebellum  which  remain  gradually  become  en- 
abled to  supply  the  place  of  those  which  are  removed.  It  is  more 
probable,  however,  that  the  loss  of  co-ordinating  power,  which  is 
immediately  produced  by  taking  away  a  considerable  portion  of 
this  nervous  centre,  is  to  be  regarded  rather  as  the  effect  of  the 
sudden  injury  to  the  cerebellum  as  a  whole,  than  as  due  to  the  mere 
removal  of  a  portion  of  its  mass. 
28 
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^  Morbid  alterations  of  the  cerebellum,  furthermore,  particularly 
of  a  chronic  nature,  such  as  slow  inflammations,  abscesses,  tumors, 
&c.,  have  often  been  observed  in  the  human  subject,  without  giving 
rise  to  any  marked  disturbance  of  the  voluntary  movements. 

On  the  other  hand,  many  facts  derived  from  comparative  anatomy 
seem  to  favor  the  opinion  of  Flourens.  If  we  compare  diflerent 
classes  of  animals  with  each  other,  as  fish  with  reptiles,  or  birds 
with  quadrupeds,  in  which  the  development  and  activity  of  the 
entire  nervous  system  vary  extremely,  the  results  of  the  comparison 
will  be  often  contradictory.  But  if  the  comparison  be  made  be- 
tween different  species  in  which  the  general  structure  and  plan  of 
organization  are  similar,  we  often  find  the  development  of  the  cere- 
bellum to  correspond  very  closely  with  the  perfection  and  variety 
of  the  voluntary  movements.  The  frog,  for  example,  is  an  aquatic 
reptile,  provided  with  anterior  and  posterior  extremities ;  but  its 
movements,  though  rapid  and  vigorous,  are  exceedingly  simple  in 
character,  consisting  of  little  else  than  flexion  and  extension  of  the 
posterior  limbs.  The  cerebellum  in  this  animal  is  exceedingly 
small,  as  compared  with  the  rest  of  the  brain ;  being  nothing  more 
than  a  thin,  narrow  ribbon  of  nervous  matter,  stretched  across  the 
upper  part  of  the  fourth  ventricle.  In  the  common  turtle  we  have 
another  aquatic  reptile,  where  the  movements  of  swimming,  diving, 
progression,  Ac,  are  accomplished  by  the  consentaneous  action  of 
anterior  and  posterior  extremities,  and  where  the  motions  of  the 
head  and  neck  are  also  much  more  varied  than  in  the  frog.  In 
this  instance  the  cerebellum  is  very  much  more  highly  developed 
than  in  the  former.  In  the  alligator,  again,  a  reptile  whose  motions, 
both  of  the  head,  limbs,  and  tail,  approach  very  closely  to  those  of 
the  quadrupeds,  the  cerebellum  is  still  larger  in  proportion  to  the 
remaining  ganglia  of  the  encephalon. 

The  complete  function  of  the  cerebellum,  accordingly,  as  a  nerv- 
ous centre,  cannot  be  regarded  as  positively  ascertained ;  but  so  far 
as  we  may  rely  on  the  results  of  direct  experiment,  this  organ  has 
evidently  such  an  intimate  and  peculiar  connection  with  the  volun- 
tary movements,  that  a  sudden  and  extensive  injury  inflicted  upon 
its  substance  is  always  followed  by  an  immediate,  though  tempo- 
rary, disturbance  of  the  co-ordinating  power. 

TuBERCULA  QuADRiGEMiNA. — These  bodies,  notwithstanding 
their  small  size,  are  very  important  in  regard  to  their  function. 
They  give  origin  to  the  optic  nerves,  and  preside,  as  ganglia,  over 
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the  sense  of  sight ;  on  which  account  they  are  also  known  by  the 
name  of  the  "  optic  ganglia."  Their  development  corresponds  very 
closely  with  that  of  the  external  organs  of  vision.  Thus,  they  are 
large  in  fish,  reptiles,  and  birds,  in  which  the  eyeball  is  for  the 
most  part  very  large  in  proportion  to  the  entire  head;  and  are  small 
in  quadrupeds  and  in  man,  where  the  eyeball  is,  comparatively 
speaking,  of  insignificant  size.  Direct  experiment  also  shows  the 
close  connection  between  the  tubercula  quadrigemina  and  the  sense 
of  sight  Section  of  the  optic  nerve  at  any  point  between  the 
retina  and  the  tubercles,  produces  complete  blindness ;  and  destruc- 
tion of  the  tubercles  themselves  has  the  same  effect.  But  if  the 
division  be  made  between  the  tubercles  and  the  cerebrum,  or  if  the 
cerebrum  itself  be  taken  away  while  the  tubercles  are  left  un- 
touched, vision,  as  we  have  already  seen,  still  remains.  It  is  the 
tubercles,  therefore,  in  which  the  impression  of  light  is  perceived. 
So  long  as  these  ganglia  are  uninjured  and  retain  their  connection 
with  the  eye,  vision  remains.  As  soon  as  this  connection  is  cut 
oS,  or  the  ganglia  themselves  are  injured,  the  power  of  vision  is 
destroyed. 

The  tubercula  quadrigemina  not  only  serve  as  nervous  centres 
for  the  perception  of  light,  but  a  reflex  action  also  takes  place 
through  them,  by  which  the  quantity  of  light  admitted  to  the  eye 
is  regulated  to  suit  the  sensibility  of  the  pupil.  In  darkness  and 
in  twilighty  or  wherever  the  light  is  obscure  and  feeble,  the  pupil 
is  enlarged  by  relaxation  of  its  circular  fibres^  so  as  to  admit  as 
large  a  quantity  of  light  as  possible.  On  first  ooming  into  a  dark 
room,  aooordingly,  everything  is  nearly  invisible ;  but  gradually, 
as  the  pupil  dilates  and  as  more  light  is  admitted,  objects  begin  to 
show  themselves  with  g^reater  distinctness,  and  at  last  we  can  see 
tolerably  well  in  a  place  where  we  were  at  first  unable  to  perceive 
a  single  object.  On  the  other  hand,  when  the  eye  is  exposed  to  an 
unusually  brilliant  lights  the  pupil  contraota  and  shuts  out  so  much 
of  it  as  would  be  injurious  to  the  retina. 

The  above  is  a  roflex  action,  in  which  the  impression  received  by 
the  retina  is  transmitted  along  the  optio  nerve  to  the  tubercula 
quadrigemina.  From  the  tubercles,  a  motor  impulse  is  then  sent 
out  through  the  motor  nerves  of  the  eye  and  the  filaments  dis- 
tributed to  the  iris,  and  a  contraction  of  the  pupil  takes  place  in 
consequence.  The  optic  nerves  act  here  as  sensitive  fibres,  which 
convey  the  impression  from  the  retina  to  the  ganglion ;  and  if 
they  be  irritated  in  any  part  of  their  course  with  the  point  of  a 


436 


THE    BBAIX. 


needle,  the  result  is  a  contraction  of  the  pupil.     This  infltietioe^l 
not  commuDiuated  directly  from  the  nerve  lo  the  iria,  but  ie  t 
sent  inward  to  the  tubercles,  to  be  afterward  reflected  outward  I 
the  motor  nervea.     So  long  as  the  eyeball  remains  in  connectii 
with  the  brain,  mechanical  irritation  of  the  optic  nerve,  as  we  have 
shown  above,  causes  contraction  of  the  pupil ;  but  if  the  nerve  be 
divided,  and  the  extremity  which  remains  in  connection  with  t 
eyeball  be  subjected  to  irritation,  no  effect  upon  the  pupil  is  p 
duced. 

The  anatomical  arrangement  of  the  optic  nervas,  and  the  connBS 
tiona  of  the  optic  tubercles,  are  modified  in  a  remarkable  degree  in 
different  animals,  to  correspond  with  the  position  of  the  two  eyea. 
In  fish,  for  example,  the  eyes  are  so  placed,  on  opposite  sidea  of  thfl' 
head,  that  their  axes  cannot  be  brought  into  parallelism  with  e 
other,  and  the  two  eyes  can  never  be  directed  together  at  the  8 
object.  In  these  animals,  the  optic  nerves  cross  each  other  at  the 
base  of  the  brain  without  any  intermixture  of  their  fibres;  that 
from  the  right  optic  tubercle  passing  to  the  left  eye,  and  that  frora 
the  left  optic  tubercle  passing  to  the  right  eye.  (Fig,  147.)     The  tW) 
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nervous  cords  are  here  totally  distinct  from  each  other  throughout 
their  entire  length ;  and  are  only  connected,  at  the  point  of  cross- 
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ing,  by  intervening  aret>lar  tissue.    Impressions  made  on  the  right 
eye  must  therefore  he  perceived  on  the  left  side  of  the  brain ;  while 
those  which  enter  the  leti  eye  are  conveyed  to  the  right  side  of  the 
brain. 
•  In  birds,  also,  the  axes  of  the  two  eyes  are  so  widely  divergent 

that  an  object  cannot  be  distinctly  in  focus  for  both  of  them  at  the 
same  lime.  The  optic  nerves  are  here  united,  and  apparently  sol- 
dered together,  at  their  point  of  crossing ;  but  the  decussation  of 
their  fibres  is  nevertheless  complete.  (Fig.  148.)  The  nervous  fila- 
ments coming  from  the  left  side  pass  altogether  over  to  the  right; 
and  those  coming  from  the  right  side  pass  over  to  the  left.  The 
result  of  direct  experiment  on  the  crossed  action  of  the  tubercles  in 
these  animnls  corresponds  with  the  anatomical  arrangement  of  the 
nervous  fibre.'?.     If  one  of  the  optic  tubercles  be  destroyed  in  the 

t pigeon,  complete  blindness  is  at  once  produced  in  the  eye  of  the 
opposite  side ;  but  vision  remains  unimpaired  in  the  eye  of  the  side 
pn  which  the  injury  was  inflicted. 


In  the  human  subject,  on  the  other  hand,  where  the  visual  axes 
are  parallel,  and  where  both  eyes  are  simultaneously  lUrocted  towart} 
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the  same  object,  the  optic  nerves  decussate  with  each  other  in  such  a 
manner  as  to  form  a  connection  between  the  two  opposite  sides,  as 
well  as  between  each  tubercle  and  retina  of  the  same  side.  (Fig. 
149.)  This  decussation,  which  is  somewhat  complicated,  takes  place 
in  the  following  manner.  From  each  optic  tubercle  three  different 
bundles  or  "  tracts"  of  nervous  fibres  ftre  given  off.  One  set  passes 
across  transversely  at  the  point  of  decussation,  and,  turning  back- 
ward, terminates  in  the  tubercle  of  the  opposite  side ;  another,  cross- 
ing diagonally,  continues  onward  to  the  opposite  eyeball ;  while  a 
third  passes  directly  forward  to  the  eyeball  of  the  same  side.  A 
fourth  set  of  fibres,  still,  passes  across  in  front  of  the  decussation, 
from  the  retina  of  one  eye  to  that  of  the  opposite  side.  We  have, 
therefore,  by  this  arrangement,  the  two  retinas,  as  well  as  the  two 
optic  tubercles,  connected  with  each  other  by  commissural  fibres ; 
while  each  tubercle  is,  at  the  same  time,  connected  both  with  its 
own  retina,  and  with  that  of  the  opposite  side.  It  is  undoubtedly 
owing  to  these  connections  that  when,  in  the  human  subject,  the 
eyes  are  directed  in  their  proper  axes,  the  two  retinae,  as  well  as 
the  two  optic  tubercles,  act  as  a  single  organ.  Vision  is  single, 
therefore,  though  there  are  two  images  upon  the  retinas.  Double, 
vision  occurs  only  when  the  eyeballs  are  turned  out  of  their  proper 
direction,  so  that  the  parallelism  of  their  axes  is  lost,  and  the  image 
no  longer  falls  upon  corresponding  parts  of  the  two  retinas. 

Tuber  Annulare. — The  collection  of  gray  matter  imbedded  in 
the  deeper  portions  of  the  tuber  annulare  occupies  a  situation  near 
the  central  part  of  the  brain,  and  lies  directly  in  the  course  of  the 
ascending  fibres  of  the  anterior  and  posterior  columns  of  the  cord. 
This  ganglion  is  imriiediately  connected  with  the  functions  of  sensa- 
tion and  voluntary  motion.  We  have  already  seen  that  these  func- 
tions are  not  destroyed  by  taking  away  the  cerebrum,  and  that  they 
also  remain  after  removal  of  the  cerebellum.  According  to  the  ex- 
periments of  Longet,  even  after  complete  removal  of  the  olfactory 
ganglia,  the  cerebrum,  cerebellum,  optic  tubercles,  corpora  striata 
and  optic  thalami,  and  when  nothing  remains  in  the  cavity  of  the 
cranium  but  the  tuber  annulare  and  the  medulla  oblongata,  the 
animal  is  still  sensitive  to  external  impressions,  and  will  still  en- 
deavor by  voluntarjr  movements  to  escape  from  a  painful  irritation. 
The  same  observer  has  found,  however,  that  as  soon  as  the  ganglion 
of  the  tuber  annulare  is  broken  up,  all  manifestations  of  sensation 
and  volition  cease,  and  even  consciousness  no  longer  appears  to 
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exist.  The  only  movements  whicli  then  follow  external  irritation 
are  the  occasional  convulsive  motions  which  are  due  to  reflex  action 
of  the  spinal  cord,  and  which  may  be  readily  distinguished  from 
those  of  a  voluntary  character.  The  animal,  under  these  circum- 
stances, is  to  all  appearance  reduced  to  the  condition  of  a  dead 
body,  except  for  the  movefments  of  respiration  and  circulation, 
which  still  go  on  for  a  certain  time.  The  tuber  annulare  must 
therefore  be  regarded  as  the  ganglion  by  which  impressions,  con- 
veyed inward  through  the  nerves,  are  first  converted  into  conscious 
sensations ;  and  in  which  the  voluntary  impulses  originate,  which 
stimulate  the  muscles  to  contraction. 

We  must  carefully  distinguish,  however,  in  this  respect,  a  simple 
sensation  from  the  ideas  to  which  it  gives  origin  in  the  mind,  and 
the  mere  act  of  volition  from  the  train  of  thought  which  leads  to 
it.  Both  these  purely  mental  operations  take  place,  as  we  have\ 
seen,  in  the  cerebrum;  for  mere  sensation  and  volition  may  exist! 
independently  of  any  intellectual  action,  as  they  may  exist  after 
the  cerebrum  has  been  destroyed.  A  sensation  may  be  felt  for 
example,  without  our  having  the  power  of  thoroughfy  appreciating 
it,  or  of  referring  it  to  its  proper  source.  This  condition  is  often! 
experienced  in  a  state  of  deep  sleep,  when,  the  body  being  exposed) 
to  cold,  or  accidentally  placed  in  a  constrained  position,  we  feel  a 
sense  of  suffering  without  being  able  to  understand  its  cause.  We 
may  even,  under  such  circumstances,  execute  voluntary  movements 
to  escape  the  cause  of  annoyance ;  but  these  movements,  not  being 
directed  by  any  active  intelligence,  fail  of  accomplishing  their  ob- 
ject. We  therefore  remain  in  a  state  of  discomfort  until,  on  awak- 
ening, the  activity  of  the  reason  and  judgment  is  restored,  when  the 
offending  cause  is  at  once  removed. 

We  distinguish,  then,  between  the  simple  power  of  sensation, 
and  the  power  of  fully  appreciating  a  sensitive  impression  and  of 
drawing  a  conclusion  from  it.  We  distinguish  also  between  the 
intellectual  process  which  leads  us  to  decide  upon  a  voluntary 
movement,  and  the  act  of  volition  itself.  The  former  must  precede, 
the  latter  must  follow.  The  former  takes  place,  so  far  as  experi- 
ment can  show,  in  the  cerebral  hemispheres ;  the  latter,  in  the  gan- 
glion of  the  tuber  annulare. 

Medulla  Oblongata. — The  last  remaining  ganglion  of  the  en- 
cephalon  is  that  of  the  medulla  oblongata.  This  ganglion,  it  will 
be  remembered,  is  imbedded  in  the  substance  of  the  restiform  body. 
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/  occupying  the  lateral  and  posterior  portions  of  the  medulla,  at  the 

.  point  of  origin  of  the  poeumogastric  nerves.    This  portion  of  the 

'  brain  has  long  been  known  to  be  particularly  essential  to  the  pre- 

servation  of  life ;  so  that  it  has  received  the  name  of  the  **  vital 

1  point,"  or  the  "  vital  knot."     All  the  other  parts  of  the  brain  may 

I  be  injured  or  removed,  as  we  have  already  seen,  without  the  imme- 

'  diate  and  necessary  destruction  of  life ;  but  so  soon  as  the  medulla 

oblongata  is   broken  up,  and   its  ganglion  destroyed,  respiration 

ceases  instantaneously,  and  the  circulation  also  soon  comes  to  an 

end.    Removal  of  the  medulla  oblongata  produces,  therefore,  as  its 

immediate  and  direct  result,  a  stoppage  of  respiration :  and  death 

takes  place  principally  as  a  consequence  of  this  fact. 

Flourens  and  Longet  have  determined,  with  considerable  accu- 
racy, the  precise  limits  of  this  vital  spot  in  the  medulla  oblongata. 
Flourens  ascertained  that  in  rabbits  it  extended  from  just  above 
the  origin  of  the  pneumogastric  nerve,  to  a  level  situated  three  lines 
and  a  half  below  this  origin.  In  larger  animals,  its  extent  is  pro- 
portionally .increased.  Longet  ascertained,  furthermore,  that  the 
properties  of  the  medulla  were  not  the  same  throughout  its  entire 
thickness ;  but  that  its  posterior  and  anterior  parts  might  be  de- 
stroyed with  comparative  impunity,  the  peculiarly  vital  spot  being 
confined  to  the  intermediate  portions.  This  vital  point  accordingly 
is  situated  in  the  layer  of  gray  matter,  imbedded  in  the  thickness 
of  the  restiform  bodies,  which  has  been  previously  spoken  of  as 
giving  origin  to  the  pneumogastric  nerves. 

The  precise  nature  of  the  connection  between  this  ganglion  and 
the  function  of  respiration  may  be  described  as  follows.  The 
movements  of  respiration,  which  follow  each  other  with  incessant 
regularity  through  the  whole  period  of  life,  are  not  voluntary 
movements.  We  may  to  a  certain  extent,  hasten  or  retard  them 
at  will,  but  our  power  over  them,  even  in  this  respect,  is  extremely 
limited;  and  in  point  of  fact  they  are  performed,  during  the  greater 
part  of  the  time,  in  a  perfectly  quiet  and  regular  manner,  without 
our  volition  and  even  without  our  consciousness.  They  continue 
uninterruptedly  through  the  deepest  slumber,  and  even  in  a  con- 
'dition  of  insensibility  from  accident  or  disease. 

These  movements  are  the  result  of  a  reflex  action  taking  place 
through  the  medulla  oblongata.  The  impression  which  gives  rise 
I  to  them  originates  principally  in  the  lungs,  from  the  accumulation 
\  of  carbonic  acid  in  the  pulmonary  vessels  and  air-cells,  is  trans- 
mitted by  the  pneumogastric  nerves  to  the  medulla,  and  is  thence 
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reflected  along  the  motor  nerves  to  the  respiratory  muscles.  These 
muscles  are  then  called  into  action,  producing  an  expansion  of 
the  chest  The  impression  so  conveyed  to  the  medulla  is  usually 
tinperoeived  by  the  consciousness.  It  is  generally  converted  directly  | 
into  a  motor  impulse,  without  attracting  our  attention  or  giving 
rise  to  any  conscious  sensation.  Bespiration,  accordingly,  goes  on 
perfectly  well  without  our  interference  and  without  our  knowledge. 
The  nervous  impression,  however,  conveyed  to  the  medulla,  though 
usually  imperceptible,  may  be  made  evident  at  any  time  by  volun- 
tarily suspending  the  respiration.  As  the  carbonic  acid  begins  to 
accumulate  in  the  blood  and  in  the  lungs,  a  peculiar  sensation  makes 
itself  felt,  which  grows  stronger  and  stronger  with  every  moment, 
and  impels  us  to  recommence  the  movements  of  inspiration.  This 
peculiar  sensation,  entirely  different  in  character  from  any  other,  is 
designated  by  the  French  under  the  name  of  "  besoin  de  respirer." 
It  becomes  more  urgent  and  distressing,  the  longer  respiration  is 
suspended,  until  finally  the  impulse  to  expand  the  chest  can  no 
longer  be  resisted  by  any  effort  of  the  will. 

During  ordinary  respiration,  therefore,  each  inspiratory  move-  ( 
ment  is  excited  by  the  partial  vitiation  of  the  air  contained  in  the 
lungs.  As  soon  as  a  new  supply  has  been  inhaled,  the  impulse  to 
respire  is  satisfied,  the  muscles  relax,  and  the  chest  collapses.  In 
a  few  seconds  the  previous  condition  recurs  and  the  same  move- 
ments are  repeated,  producing  in  this  way  a  regular  alternation  of 
inspirations  and  expirations. 

Since  the  movements  of  respiration  are  performed  partly  by  the 
diaphragm  and  partly  by  the  intercostal  muscles,  they  will  be 
differently  modified  by  injuries  of  the  nervous  system,  according  to 
the  spot  at  which  the  injury  is  inflicted.  If  the  spinal  cord,  for 
example,  be  divided  or  compressed  in  the  lower  part  of  the  neck, 
all  the  intercostal  muscles  will  be  necessarily  paralyzed,  and  respi- 
ration will  then  be  performed  entirely  by  the  diaphragm.  The 
chest  in  these  cases  remaining  motionless,  and  the  abdomen  alone 
rising  and  falling  with  the  movements  of  the  diaphragm,  such 
respiration  is  called  "abdominal"  or  "diaphragmatic"  respiration. 
It  is  a  common  symptom  of  fracture  of  the  spine  in  the  lower 
cervical  region.  If  the  phrenic  nerve,  on  the  other  hand,  be 
divided,  the  diaphragm  will  be  paralyzed,  and  respiration  will  then 
be  performed  altogether  by  the  rising  and  falling  of  the  ribs.  It 
is  then  called  "thoracic"  or  -"costal"  respiration.  If  the  injury 
inflicted  upon  the  spinal  cord  be  above  the  origin  of  the  second 
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and  third  cervical  nerves,  both  the  phrenic  and  intercostal  nerves 
are  at  once  paralyzed,  and  death  necessarily  takes  place  from  suf- 
focation. The  attempt  at  respiration,  however,  still  continues  in 
these  cases,  showing  itself  by  ineffectual  inspiratory  movements  of 
the  mouth  and  nostrils.  Finally,  if  the  medulla  itself  be  broken  up 
by  a  steel  instrument  introduced  through  the  foramen  magnum,  so 
as  to  destroy  the  nervous  centre  in  which  the  above  reflex  action 
takes  place,  both  the  power  and  the  desire  to  breathe  are  at  once 
taken  away.  No  attempt  is  made  at  inspiration,  there  is  no  strug- 
gle, and  no  appearance  of  suffering.  The  animal  dies  simply  by 
a  want  of  aeration  of  the  blood,  which  leads  in  a  few  moments  to 
an  arrest  of  the  circulation. 

It  is  owing  to  the  above  action  of  the  medulla  oblongata  that  in- 
juries of  this  part  are  so  promptly  and  constantly  fatal.  When  the 
"  neck  is  broken,"  as  in  hanging  or  by  sudden  falls  upon  the  head, 
a  rupture  takes  place  of  the  transverse  ligament  of  the  atlas ;  the 
head,  together  with  the  first  cervical  vertebra,  is  allowed  to  slide 
forward,  and  the  medulla  is  compressed  between  the  odontoid  pro- 
cess of  the  axis  in  front  and  the  posterior  part  of  the  arch  of  the 
atlas  behind.  In  cases  of  apoplexy,  where  any  part  of  the  hemi- 
spheres, corpora  striata,  or  optic  thalami,  is  the  seat  of  the  hemor- 
rhage, the  patient  generally  lives  at  least  twelve  hours ;  but  if  the 
hemorrhage  takes  place  into  the  medulla  itself,  or  at  the  base  of  the 
brain  in  its  immediate  neighborhood,  so  as  to  compress  its  sub- 
stance, death  follows  instantaneously,  and  by  the  same  mechanism 
as  where  the  medulla  is  intentionally  destroyed. 

An  irregularity  or  want  of  correspondence  in  the  movements  of 
respiration  is  accordingly  found  to  be  one  of  the  most  threatening 
of  all  symptoms  in  affections  of  the  brain.     A  disturbance  or  sus- 
pension of  the  intellectual  powers  does  not  indicate  necessarily  any 
immediate  danger  to  life.    Even  sensation  and  volition  may  be  im- 
paired without  serious  and  direct  injury  to  the  organic  functions. 
These  symptoms  only  indicate  the  threatening  progress  of  the  dis- 
ease, and  show  that  it  is  gradually  approaching  the  vital  centre.    It 
\  is  common  to  see,  however,  as  the  medulla  itself  begins  to  be  impli- 
I  cated,  a  paralysis  first  showing  itself  in  the  respiratory  movements 
j  of  the  nostrils  and  lips,  while  those  of  the  chest  and  abdomen  still 
:  go  on  as  usual.    The  cheeks  are  then  drawn  in  with  every  inspira- 
tion  and  puffed  out  sluggishly  with  every  expiration,  the  nostrils 
-  themselves  sometimes  participating  in  these  unnatural  movements. 
'  A  still  more  threatening  symptom,  and  one  which  frequently  pre- 
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x^es  death,  is  an  irregalar,  hesitating  respiration,  which  sometimes 
attracts  the  attention  of  the  physician,  even  before  the  remaining 
cerebral  functions  are  seriously  impaired.  These  phenomena  de- 
pend on  the  connection  between  the  respiratory  movements  and  the 
reflex  action  of  the  medulla  oblongata. 

We  have  now,  in  studying  the  functions  of  various  parts  of  the 
oerebro-spinal  system,  become  femiliar  with  three  different  kinds  of 
reflex  action. 

The  first  is  that  of  the  spinal  cord.    Here,  there  is  no  proper  \ 
sensation  and  no  direct  consciousness  of  the  act  which  is  performed.  / 
It  is  simply  a  nervous  impression,  coming  from  the  integument,/ 
and  transformed  by  the  gray  matter  of  the  spinal  cord  into  a  motor 
impulse  destined  for  the  muscles.    This  action  will  take  place  afler 
the  removal  of  the  hemispheres  and  the  abolition  of  consciousness, 
as  well  as  in  the  ordinary  condition.    The  respiratory  action  of  the 
medulla  oblongata  is  of  the  same  general  character ;  that  is,  it  is 
not  necessarily  connected  with   either  volition   or  consciousness. 
The  only  peculiarity  in  this  instance  is  that  the  original  nervous ! 
impression  is  of  a  special  character,  and   its  influence  is  finally  I 
exerted  upon  a  special  muscular  apparatus.    Actions  of  this  nature 
are  termed,  par  excellence,  reflex  actions. 

The  second  kind  of  reflex  action  takes  place  in  the  tuber  annu- 
lare. Here  the  nervous  impression,  which  is  conveyed  inward 
from  the  integument,  instead  of  stopping  at  the  spinal  cord,  passes 
onward  to  the  tuber  annulare,  where  it  first  gives  rise  to  a  con- 
scious sensation ;  and  this  sensation  is  immediately  followed  by  a 
voluntary  act.  Thus,  if  a  crumb  of  bread  fall  into  the  larynx,  the 
sensation  produced  by  it  excites  the  movement  of  coughing.  The 
sensations  of  hunger  and  thirst  excite  a  desire  for  food  and  drink. 
The  sexual  impulse  acts  in  precisely  the  same  manner ;  the  percep- 
tion of  particular  objects  giving  rise  immediately  to  special  desires 
of  a  sexual  character. 

It  will  be  observed,  in  these  instances,  that  in  the  first  place, 
the  nervous  sensation  must  be  actually  perceived,  in  order  to  pro- 
duce its  effect;  and  in  the  second  place  that  the  action  which 
follows  is  wholly  voluntary  in  character.  But  the  most  important 
peculiarity,  in  this  respect,  is  that  the  voluntary  impulse  follows 
directly  upon  the  receipt  of  the  sensation.  There  is  no  intermediate 
reasoning  or  intellectual  process.  We  do  not  cough  because  we 
know  that  this  is  the  most  effectual  way  to  clear  the  larynx ;  but 
simply  because  we  are  impelled  to  do  so  by  the  sensation  which  is 
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felt  at  the  time.  We  do  not  take  food  or  drink  because  we  know 
that  they  are  necessary  to  suppon  life,  much  less  because  we  under- 
stand  the  mode  in  which  they  accomplish  this  object ;  but  merely 
because  we  desire  them  whenever  we  feel  the  sensation  of  hunger 
and  thirst. 

All  actions  of  this  nature  are  termed  instinctive.  They  are  volun- 
tary in  character,  but  are  performed  blindly ;  that  is,  without  any 
idea  of  the  ultimate  object  to  be  accomplished  by  them,  and  simply 
in  consequence  of  the  receipt  of  a  particular  sensation.  Accord- 
ingly experience,  judgment,  and  adaptation  have  nothing  to  do  with 
these  actions.  Thus  the  bee  builds  his  cell  on  the  plan  of  a  mathe- 
matical figure,  without  performing  any  mathematical  calculation. 
The  silkworm  wraps  himself  in  a  cocoon  of  his  own  spinning, 
certainly  without  knowing  that  it  is  to  afford  him  shelter  during 
the  period  of  his  metamorphosis.  The  fowl  incubates  her  eggs 
and  keeps  them  at  the  proper  temperature  for  development,  simply 
because  the  sight  of  them  creates  in  her  a  desire  to  do  so.  The 
habits  of  these  animals,  it  is  true,  are  so  arranged  by  nature,  that 
such  instinctive  actions  are  always  calculated  to  accomplish  an 
ultimate  object.  But  this  calculation  is  not  made  by  the  animal 
himself,  and  does  not  form  any  part  of  his  mental  operations. 
There  is  consequently  no  improvement  in  the  mode  of  performing 
such  actions,  and  but  little  deviation  under  a  variety  of  circum- 
stances. 

The  third  kind  of  reflex  action  requires  the  co-operation  of  the 
hemisphcTcs.  Here,  the  nervous  impression  is  not  only  conveyed 
to  the  tuber  annulare  and  converted  into  a  sensation,  but,  still 
following  upward  the  course  of  the  fibres  to  the  cerebrum,  it  there 
gives  rise  to  a  special  train  of  ideas.  We  understand  then  the 
external  source  of  the  sensation,  the  manner  in  which  it  is  calcu- 
lated to  affect  us,  and  how  by  our  actions  we  may  turn  it  to  our 
advantage  or  otherwise.  The  action  which  follows,  therefore,  in 
these  cases,  is  not  simply  voluntary  but  reasonable.  It  does  not 
depend  directly  upon  the  external  sensation,  but  upon  an  intellec- 
tual process  which  intervenes  between  the  sensation  and  the  voli- 
tion. These  actions  are  distinguished,  accordingly,  by  a  character 
of  definite  contrivance,  and  a  conscious  adaptation  of  means  to 
ends ;  characteristics  which  do  not  belong  to  any  other  operations 
of  the  nervous  system. 

The  possession  of  this  kind  of  intelligence  and  reasoning  power 
is  not  confined  to  the  human  species.     We  have  already  seen  that 
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there  are  many  purely  instinctive  actions  in  man,  as  well  as  in 
animals.  It  is  no  less  true  that  in  the  higher  animals  there  is  often 
the  same  exercise  of  reasoning  power  as  in  man.  The  degree  of 
this  power  is  much  less  in  them  than  in  him,  but  its  nature  is  the 
same.  Whenever,  in  an  animal,  we  see  any  action  performed  with 
the  evident  intention  of  accomplishing  a  particular  object,  to  which 
it  is  properly  adapted,  such  an  act  is  plainly  the  result  of  reason- 
ing powers,  not  essentially  different  from  our  own.  The  establish- 
ment of  sentinels  by  gregarious  animals,  to  warn  the  herd  of  the 
approach  of  danger,  the  recollection  of  punishment  inflicted  for  a 
particular  action,  and  the  subsequent  avoidance  or  concealment  of 
that  action,  the  teachability  of  many  animals,  and  their  capacity  of 
forming  new  habits  or  of  improving  the  old  ones,  are  all  instances 
of  the  same  kind  of  intellectual  power,  and  are  quite  different  from 
instinct,  strictly  speaking.  It  is  this  faculty  which  especially  pre- 
dominates over  the  others  in  the  higher  classes  of  animals,  and 
which  finally  attains  its  maximum  of  development  in  the  human 
species. 


446  THE   CBANIAL   KSBYB8. 


CHAPTER    V. 

THE   CRANIAL    NERVES. 

Ik  examining  the  cranial  nerves,  we  shall  find  that  although  they 
at  first  seem  quite  different  in  their  distribution  and  properties 
from  the  spinal  nerves,  yet  they  are  in  reality  arranged  for  the 
most  part  on  the  same  plan,  and  may  be  studied  in  a  similar 
manner. 

At  the  outset,  however,  we  find  that  there  are  three  of  the  cra- 
nial nerves,  commonly  so  called,  which  must  be  arranged  in  a  class 
by  themselves ;  since  they  have  no  character  in  common  with  the 
other  nerves  originating  either  from  the  brain  or  the  spinal  cord. 
These  are  the  three  nerves  of  special  sense ;  viz.,  the  Olfactory, 
Optic,  and  Auditory.  They  are,  properly  speaking,  not  so  much 
nerves  as  commissures,  connecting  different  parts  of  the  encephalic 
mass  with  each  other.  They  are  neither  sensitive  nor  motor,  in 
the  ordinary  meaning  of  these  terms;  but  are  capable  of  conveying 
only  the  special  sensation  characteristic  of  the  organ  with  which 
they  are  connected. 

Olfactory  Nerves. — We  have  already  described  the  so-called 
olfactory  nerves  as  being  in  reality  commissures,  connecting  the 
olfactory  ganglia  with  the  central  parts  of  the  brain.  The  masses 
situated  upon  the  cribriform  plate  of  the  ethmoid  bone  are  com- 
posed of  gray  matter;  and  even  the  filaments  which  they  send 
outward  to  be  distributed  in  the  Schneiderian  mucous  membrane, 
are  gray  and  gelatinous  in  their  texture,  and  quite  different  from 
the  fibres  of  ordinary  nerves.  The  olfactory  nerves  are  not  very 
well  adapted  for  direct  experiment.  It  is,  however,  at  least  certain 
with  regard  to  them  that  they  serve  to  convey  the  special  sensation 
of  smell;  that  their  mechanical  irritation  does  not  give  rise  to 
either  pain  or  convulsions;  and  finally  that  their  destruction, 
together  with  that  of  the  olfactory  ganglia,  does  not  occasion  any 
paralysis  nor  loss  of  ordinary  sensibility. 
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Omc  Nebyes. — We  have  already  given  some  account  of  these 
nerves  and  their  decossations^  in  connection  with  the  history  of  the 
tabercula  quadrigemina.  They  consist  of  roanded  bundles  of  white 
fibres,  running  between  the  tubercles  and  the  retinas.  As  the  reti- 
nae themselves  are  membranous  expansions  consisting  mostly  of 
vesicular  or  cellular  nervous  matter,  the  optic  nerves,  or  "tracts," 
must  be  regarded  as  commissures  connecting  the  retinae  with  the 
tubercles.  We  have  also  seen  that  they  serve,  by  some  of  their 
fibres,  to  connect  the  two  retime  with  each  other,  as  well  as  the  two 
tubercles  with  each  other. 

The  optic  nerves  convey  only  the  special  impression  of  light  from 
without  inward,  and  give  origin  to  the  reflex  action  of  the  optic 
tubercles,  by  which  the  pupil  is  made  to  contract.  According  to 
Longet,  the  optic  nerves  are  absolutely  insensible  to  pain  through- 
out their  entire  length.  When  a  galvanic  current  is  passed  through 
the  eyeball,  or  when  the  retina  is  touched  in  operations  upon  the 
eye,  the  irritation  has  been  found  to  produce  the  impression  of  lumi- 
nous sparks  and  flashes,  instead  of  an  ordinary  painful  sensation. 
The  impression  of  colored  rings  or  spots  may  be  easily  produced 
by  compressing  the  eye  in  particular  directions;  and  a  sudden 
stroke  upon  the  eyeball  will  often  give  rise  to  an  apparent  discharge 
of  brilliant  sparks.  Division  of  the  optic  nerves  produces  complete 
blindness,  but  does  not  destroy  ordinary  sensibility  id  any  part  of 
the  eye,  nor  occasion  any  muscular  paralysis. 

Auditory  Nebves. — The  nervous  expansion  in  the  cavity  of 
the  internal  ear  contains,  like  the  retina,  vesicles  or  cells  as  well  as 
fibres ;  and  the  auditory  nerves  are  therefore  to  be  regarded,  like 
the  optic  and  olfactory,  as  commissural  in  their  character.  They 
are  also,  like  the  preceding,  destitute  of  ordinary  sensibility.  Ac- 
cording to  Longet,  they  may  be  injured  or  destroyed  without  giving 
rise  to  any  sensation  of  pain.  They  serve  to  convey  to  the  brain 
the  specisd  sensation  of  sound,  and  seem  incapable  of  transmitting 
any  other.  Jjonget*  relates  an  experiment  performed  by  Volta,  in 
which,  by  passing  a  galvanic  current  through  the  ears,  the  observer 
experienced  the  sensation  of  an  interrupted  hissing  noise,  so  long 
as  the  connection  of  the  wires  was  maintained.  Inflammations  I 
within  the  ear,  or  in  its  neighborhood,  are  often  accompanied  by  ( 
the  perception  of  various  noises,  like  the  ringing  of  bells,  thei 

>  Trait6  de  Pbysiologie,  vol.  ii.  p  286. 
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washing  of  the  waves,  the  hmnming  of  insects ;  sounds  which  hare 
no  external  existence,  but  which  are  simulated  by  the  morbid  irri- 
tation of  the  auditory  nerve. 

It  is  evident,  from  the  facts  detailed  above,  that  the  nerves  of 
special  sense  are  neither  motor  or  sensitive,  properly  speaking; 
and  that  they  are  distinct  in  their  nature  from  the  ordinary  spinal 
nerves. 

The  remainder  of  the  cranial  nerves,  however,  present  the 
ordinary  qualities  belonging  to  the  spinal  nerves.  Some  of  them 
are  exclusively  motor  in  character,  others  exclusively  sensitive; 
while  most  of  them  exhibit  the  two  properties,  to  a  certain  extent^ 
as  mixed  nerves.  They  may  be  conveniently  arranged  in  three 
pairs,  according  to  the  regions  in  which  they  are  distributed,  cor- 
responding very  closely  with  the  motor  and  sensitive  roots  of  the 
spinal  nerves.  According  to  such  a  plan,  the  arrangement  of  the 
cranial  nerves  would  be  as  follows : — 


SeusltiTe  Kenreii. 


Cbahial  Nbbvbs. 

Nerves  of  Special  Sense, 

1.  Olfaotorjr.    2.  Optio.    3.  Aaditory. 
Motor  nerTOs. 

'  Motor  ocnli  com. 
Patheticus 
1st  PAIR.  •    Motor  oc.  extemns 

Small  root  of  5th  pair 
,  Facial 
2d  PAIR.        Hypoglossal 
3d  PAIS.        Spinal  accessor/ 


Disfcributed  to 


Large  root  of  5th  pair.        Face. 


Olosso-pharyiigeal. 
Pneamogastrio. 


Tongue. 
Neck,  &c. 


The  above  arrangement  of  the  cranial  nerves  is  not  absolutely 
perfect  in  all  its  details.  Thus,  while  the  hypoglossal  supplies  the 
muscles  of  the  tongue  alone,  the  glosso-pharyngeal  sends  part  of 
its  sensitive  fibres  to  the  tongue  and  part  to  the  pharynx ;  and 
while  the  large  root  of  the  5th  pair  is  mostly  distributed  in  the 
face,  one  of  its  branches,  viz.,  the  gustatory,  is  distributed  to  the 
tongue.  Notwithstanding  these  irregularities,  however,  the  above 
division  of  the  cranial  nerves  is  in  the  main  correct,  and  will  be 
found  extremely  useful  as  an  assistant  in  the  study  of  their  func- 
tions. 

There  is  no  impropriety,  moreover,  in  regarding  all  the  motor 
branches  distributed  upon  the  face  as  one  nerve ;  since  even  the 
anterior  roots  of  the  spinal  nerves  originate  from  the  spinal  cord, 
each  by  several  distinct  filaments,  which  are  associated  into  a  single 
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bundle  only  at  a  certain  distanoe  from  their  point  of  origin.  The 
mere  fact  that  two  nerves  leave  the  cavity  of  the  cranium  by  the 
same  foramen  does  not  indicate  that  they  have  the  same  or  even  a 
similar  function.  Thus  the  facial  and  auditory  both  escape  from 
the  cavity  of  the  cranium  by  the  foramen  auditorium  internum,  and 
yet  we  do  not  hesitate  to  regard  them  as  entirely  distinct  in  their 
nature  and  functions.  It  is  the  ultimate  distribution  of  a  nerve, 
and  not  its  course  through  the  bones  of  the  skull,  that  indicates 
its  physiological  character  and  position.  For  while  the  ultimate 
distribution  of  any  particular  nerve  is  always  the  same,  its  arrange- 
ment as  to  trunk  and  branches  may  vary,  in  different  species 
of  animals,  with  the  anatomical  arrangement  of  the  bones  of  the 
skulL  This  is  well  illustrated  by  a  fact  first  pointed  out  by  Prof. 
Jefiries  Wyman'  in  the  anatomy  of  the  nervous  system  of  the 
bullfrog^  In  this  animal,  both  the  facial  nerve  and  motor  oculi 
extemus,  instead  of  arising  as  distinct  nerves,  are  actually  given 
off  as  branches  of  the  6th  pair ;  while  their  ultimate  distribution  is 
the  same  as  in  other  animals.  All  the  motor  and  sensitive  nerves 
distributed  to  the  face  are  accordingly  to  be  regarded  as  so  many 
different  branches  of  the  same  trunk ;  varying  sometimes  in  their 
course,  but  always  the  same  in  their  ultimate  distribution. 

The  motor  nerves  of  the  head  are  in  all  respects  identical  in  their 
properties  with  the  anterior  roots  of  the  spinal  nerves.    For,  in  the 
first  place,  they  are  distributed  to  muscles,  and  not  to  the  integu- ' 
ment  or  to  mucous  membranes;    secondly,  their  division  causes - 
muscular  paralysis;  and  thirdly,  mechanical  irritation  applied  at  ' 
their  origin  produces  muscular  contraction  in  the  parts  to  which  j 
they  are  distributed,  but  does  not  give  rise  to  a  painful   sensa-  \ 
tion.    In  several  instances,  nevertheless,  the  motor  nerves,  though  I 
insensible  at  their  origin,  show  a  certain  degree  of  sensibility  when 
irritated  after  their  exit  from  the  skull,  owing  to  fibres  of  com- 
munication which  they  receive  from  the  purely  sensitive  nerves. 
In  this  respect  they  resemble   the  spinal  nerves,  the  motor  and 
sensitive  filaments  of  which  are  at  first  distinct   in   the  anterior 
and  posterior  roots,  but  afterward  mingle  with  each  other,  on 
leaving  the  cavity  of  the  spinal  canal. 

The  three  sensitive  nerves  originating  from  the  brain  are  the] 

*  Nervous  SjRtem  of  Rana  plpiens  ;  published  bjr  the  Smithsonian  Institution. 
Washington,  1853. 
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large  root  of  the  fifth  pair,  the  glosso-pharyngeal,  and  the  pneumo- 
.  gastric.    It  will  be  observed  that,  in  all  their  essential  properties^ 
they  correspond  with  the  posterior  roots  of  the  spinal  nerves.    Like 
them  they  are  inexcitablc;  but  extremely  sensitive.    Irritated  at 
their  point  of  origin,  they  give  rise  to  acutely  painfal  sensations^ 
but  to  no  convulsive  movements.    Secondly,  if  divided  at  the  same 
situation,  the  operation  is  followed  by  loss  of  sensibility  in  the 
parts  to  which  they  are  distributed,  without  any  disturbance  of  the 
motive  power.    Each  of  these  nerves,  furthermore,  like  the  poste- 
rior root  of  a  spinal  nerve^  is  provided  with  a  ganglion  through 
which  its  fibres  pass :  the  fifth  pair,  with  the  Casserian  ganglion, 
situated  near  the  inner  extremity  of  the  petrous  portion  of  the  tem- 
poral bone ;  the  glosso- pharyngeal,  with  the  ganglion  of  Andersch, 
situated  in  the  jugular  fossa;  while  the  pneumogastric  presents^ 
just  before  its  passage  through  the  jugular  foramen,  a  ganglion 
known  as  the  ganglion  of  the  pneumogastric  nerve.    Finally,  the 
sensitive  fibres  of  all  these  nerves,  beyond  the  situation  of  their  gan- 
glia, are  intermingled  with  others  of  a  motor  origin.  The  large  root 
of  the  fifth  pair,  which  is  exclusively  sensitive,  is  accompanied  by 
the  fibres  of  the  small  root,  which  are  exclusively  motor.    The 
glosso-pharyngeal  receives  motor  filaments  from  the  facial  and  spi- 
nal accessory,  becoming  consequently  a  mixed  nerve  outside  the 
cranial  cavity ;  while  the  pneumogastric  is  joined  by  fibres  from  the 
spinal  accessory  and  various  other  nerves  of  a  motor  character. 
These  nerves,  accordingly,  are  exclusively  sensitive  only  at  their 
point  of  origin.    Though  they  afterward  retain  the  predominating 
character  of  sensitive  nerves,  they  are  yet  found,  if  irritated  in  the 
middle  of  their  course,  to  be  intermingled  with  motor  fibres,  and 
to  have  consequently  acquired,  to  a  certain  extent,  the  character  of 
mixed  nerves. 

The  resemblance,  therefore,  between  the  cranial  and  spinal  nerves 
is  complete. 

Motor  Oculi  Communis. — This  nerve,  which  is  sometimes  known 
by  the  more  convenient  name  of  the  oculo-motorius,  originates  from 
the  inner  edge  of  the  cms  cerebri,  passes  into  the  cavity  of  the 
orbit  by  the  sphenoidal  fissure,  and  is  distributed  to  the  levator 
palpebrae  superioris,  and  to  all  the  muscles  moving  the  eyeball, 
except  the  external  rectus  and  the  superior  oblique.  Its  irritation 
accordingly  produces  convulsive  movements  in  these  parts^  and 
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its  division  lias  the  effect  of  paralyzing  the  mnscles  to  which  it  is  \ 
distributed.  The  superior  eyelid  £Eills  down  over  the  pupil,  and  \ 
cannot  be  raised,  owing  to  the  inaction  of  its  levator  muscle,  so 
that  the  eye  appears  constantly  half  shut  This  condition  is  known 
by  the  name  of  **  ptosis."  The  movements  of  the  eyeball  are  also 
nearly  suspended,  and  permanent  external  strabismus  takes  place, 
owing  to  the  paralysis  of  the  internal  rectus  muscle,  while  the  ex- 
ternal rectus^  animated  by  a  different  nerve,  preserves  its  activity. 

Patheticqs. — ^This  nerve,  which  supplies  the  superior  oblique 
muscle  of  the  eyeball,  is  similar  in  its  general  properties  to  the  pre- 
ceding. Its  section  causes  paralysis  of  the  above  muscle,  without 
any  loss  of  sensibility. 

MoTOB  ExTERNUS. — ^This  ncrvc,  the  sixth  pair,  according  to  the 
usual  anatomical  arrangement,  is  distributed  to  the  external  rectus 
muscle  of  the  eyebalL  Its  division  or  injury  by  disease  is  followed 
by  internal  strabismus^  owing  to  the  unopposed  action  of  the  internal 
rectus  muscle. 

Fifth  Paib. — ^This  is  one  of  the  most  important  and  remarkable 
in  its  properties  of  all  the  cranial  nerves.  It  is  the  great  sensitive 
nerve  of  the  fisice,  and  of  the  adjoining  mucous  membranes.  Its 
larger  root,  after  emerging  from  the  outer  and  under  sur&oe  of  the 
pons  Varolii,  passes  forward  over  the  inner  extremity  of  the  petrous 
portion  of  the  temporal  bone.  It  there  expands  into  a  crescentic- 
shaped  swelling,  containing  a  quantity  of  gray  matter  with  which 
its  fibres  are  intermingled,  and  which  is  known  as  the  Casserian 
ganglion.  The  fibres  of  the  smaller  root,  passing  forward  in  com- 
pany with  the  others,  do  not  take  any  part  in  the  formation  of  this 
ganglion,  but  may  be  seen  passing  beneath  it  as  a  distinct  bundle, 
and  continuing  their  course  forward  to  the  foramen  ovale,  through 
which  they  emerge  from  the  skull.  In  front  of  the  anterior  and 
external  border  of  the  Casserian  ganglion,  the  fifth  nerve  separates 
into  three  principal  divisions,  viz.,  the  ophthalmic,  the  superior 
maxillary,  and  the  inferior  maxillary.  The  first  of  these  divisions, 
viz^  the  ophthaliftic,  is  so  called  because  it  passes  through  the  orbit 
of  the  eye.  It  enters  the  sphenoidal  fissure,  and  runs  along  the 
upper  portion  of  the  orbit,  sending  branches  to  the  ophthalmic  gan- 
glion of  the  sympathetic,  to  the  lachrymal  gland,  the  conjunctiva, 


452 


THE    CBAKIAL   IfKBVES. 


Kig,  150. 


and  the  mucoua  membratte  of  the  lachrymal  sac.  It  also  st nds  off  il 
a  small  branch  (iiaaal  branch)  which  penetrates  into  the  nasal  pas- 
sages and  supplies  the  Schneiderian  mucous  membrane.  It  thea 
emerges  upon  the  face  by  the  supra-orbital  foramen,  and  is  distri- 
buted to  the  integument  of  the  forehead  and  side  of  the  head  as  far 
back  as  the  vertex. 

The  second  division  of  this  nerve,  or  the  superior  maxillary, 
passes  out  by  the  foramen  rotuudum,  and  runs  along  the  longitu- 
dinal canal  in  the  floor  of  the  orbit,  giving  off  branches  during  its 
passage  to  the  teeth  of  the  upper  jaw  and  to  the  mucous  membrane 
of  the  antrum  maxillare.  It  finally  emerges  upon  the  middle  of  tLe 
face  by  the  infra-orbital  foramen,  and  is  distributed  to  the  integu- 
ment of  the  lower  eyelid,  nose,  cheek,  and  upper  lip. 

The  third,  or  inferior  maxillary  division  of  the  fifth  pair,  wbicli 
is  the  largest  of  the  three,  leaves  the  cavity  of  the  cranium  by  the 
foramen  ovale.  It  comprises  a  con- 
siderable portion  of  the  large  root 
of  the  nerve,  and  all  the  fibres  of 
the  small  root.  Tliis  division  is 
therefore  a  mixed  nerve,  containing 
both  motor  and  sensitive  fibres, 
while  the  two  former  are  exclu- 
sively sensitive.  It  is  distributed, 
accordingly,  both  to  muscles  and 
to  the  sen-siti  ve  surfaces.  Soon  after 
emerging  from  the  foramen  ovale 
it  sends  branches  to  the  temporal 
muscle,  to  the  maaseter,  the  bucci- 
nator, aud  to  the  internal  and  e.'E- 
ternal  pterygoids;  that  ia,  to  the 
iHii«iiinTi.,ji  or  FijTB  NB«ri  muscles  which  are  particularly  coo- 
ppuii  TUB  Fic«,-rt.  cufnruii  piDKiioo-  cemed  in  the  movements  of  the 
UiTdiTMan.  s.  latBriornuiiiairdivition.  iower  jaw.  It  also  sends  sensitivs 
filaments  to  the  integument  of  the 
temple,  to  that  of  a  portion  of  the  external  ear  and  external  audi- 
tory meatus.  The  third  division  of  the  fifth  pair,  then  passing 
downward  and  forward,  gives  off  a  branch  of  considerable  size,  the 
Ungual  branch,  which  ia  distributed  to  the  mucous  membrane  of  the 
anterior  two-thirds  of  the  tongue,  and  which  also  sends  filaments  to 
the  arches  of  the  palate  and  to  the  mucous  membrane  of  the  cheek. 
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The  remaining  portion  of  the  third  division,  after  giving  a  few 
branches  to  the  mylo-hyoid  muscle  and  to  the  anterior  belly  of  the 
digastric,  then  enters  the  inferior  dental  canal,  sends  filaments  to 
the  teeth  of  the  lower  jaw,  emerges  at  the  mental  foramen,  and  is 
finally  distributed  to  the  integument  of  the  chin,  lower  lip,  and 
inferior  part  of  the  face. 

This  nerve  is  accordingly  distributed  to  the  sensitive  surfaces, 
that  is,  the  integument  and  mucous  membranes  about  the  &ce,  and 
to  the  muscles  of  mastication.  A  few  of  its  fibres  are  sent  also  to 
the  superficial  muscles  of  the  face,  such  as  the  buccinator  and  the 
orbicularis  oris ;  but  these  fibres  are  sensitive  in  their  character, 
and  serve  merely  to  impart  to  the  milScles  a  certain  degree  of 
sensibility.  It  has  been  ascertained  by  Longet  that  if  the  various 
branches  of  this  nerve  be  irritated  by  a  galvanic  current,  no  con- 
vulsive movements  whatever  are  produced  in  those  superficial 
muscles  of  the  face,  which  it  supplies  with  filaments ;  but  if  its 
smaller  or  non-ganglionic  root  be  irritated  in  the  same  way,  con-  i 
tractions  instantly  follow  in  the  muscles  of  mastication. 

The  fifth  pair  is  the  most  acutely  sensitive  nerve  in  the  whole  ^ 
body.  Its  irritation  by  mechanical  means  always  causes  intense 
pain,  and  even  though  the  animal  be  nearly  unconscious  from  the 
influence  of  ether,  any  severe  injury  to  its  large  root  is  almost 
invariably  followed  by  cries  which  indicate  the  extreme  sensibility 
of  its  fibres. 

If  this  nerve  be  completely  divided,  in  the  living  animal,  within 
the  cranium,  at  the  situation  of  the  Casserian  ganglion,  the  operation 
is  followed  by  total  loss  of  sensibility  in  the  skin  of  the  face  and  in 
the  adjacent  mucous  membranes.  The  conjunctiva,  upon  the  affected 
side,  is  then  completely  insensible,  and  may  be  touched  with  the 
point  of  a  needle  or  the  blade  of  a  knife,  without  exciting  any  un- 
easiness, and  even  without  the  consciousness  of  the  animal.  Probes 
and  needles  may  be  passed  into  the  nostril,  and  the  lips  or  the 
cheek  may  be  pinched,  pierced  or  cut,  without  exciting  the  least 
sign  of  sensibility.  The  animal  is  entirely  indifferent  to  all  me- 
chanical injuries  upon  the  affected  side,  though  upon  the  opposite 
side  the  parts  retain  their  natural  sensibility. 

Owing  to  the  paralysis  of  the  lingtuil  nerve,  also,  after  this  ope- ' 
ration,  the  tongue,  in  its  anterior  two-thirds,  becomes  insensible  to 
ordinary  irritations,  and  loses,  beside,  the  power  of  taste.  | 

Another  peculiar  effect  of  the  division  of  the  fifth  pair  depends 
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upon  the  paralysis  of  its  motor  fibres,  which  are  distributed,  as  we 
have  seen,  to  the  muscles  of  mastication.  In  many  of  the  lower 
animals,  consequently,  the  movements  of  mastication  become  ex- 
ceedingly enfeebled  upon  the  affected  side.  In  the  cat,  for  example, 
an  animal  in  which  mastication  is  usually  very  thoroughly  per- 
formed, this  process  becomes  excessively  laboriousf,  so  that  the 
animal  after  this  operation  cannot  masticate  solid  meat,  but  requires 
to  be  fed  with  that  which  has  already  been  cut  in  pieces. 

The  fifth  pair,  beside  supplying  the  sensibility  of  the  integument 
of  the  face,  has  a  peculiar  and  important  influence  on  the  organs  of 
special  sense.  This  influence  appears  to  consist  in  some  connection 
between  the  action  of  the  fifth  pair  and  the  processes  of  nutrition ; 
so  that  when  the  former  is  injured,  the  latter  very  soon  become 
deranged.  For  the  perfect  action  of  any  one  of  the  organs  of 
special  sense,  two  conditions  are  necessary :  first,  the  sensibility  of 
the  special  nerve  belonging  to  it,  and  secondly,  the  integrity  of  the 
component  parts  of  the  organ  itself.  Now  as  the  nutrition  of  the 
organ  is,  to  a  certain  extent,  under  the  control  of  the  fifth  pair,  any 
serious  injury  to  this  nerve  produces  a  derangement  in  the  tissues 
of  the  organ,  and  consequently  interferes  with  the  due  performance 
of  its  function. 

The  mucous  membrane  of  the  nasal  passages,  for  example,  is 
supplied  by  two  different  nerves;  first,  the  olfactory,  distributed 
throughout  its  upper  portion,  by  which  it  is  endowed  with  the 
special  sense  of  smell ;  and,  secondly,  the  nasal  branch  of  the  fifth 
pair,  distributed  throughout  its  middle  and  lower  portions,  by 
which  it  is  supplied  with  ordinary  sensibility. 

Since  the  fifth  pair,  accordingly,  supplies  general  sensibility  to 
the  nasal  passages,  this  property  will  remain  aftier  the  special  sense 
of  smell  has  been  destroyed.  If,  however,  the  fifth  pair  itself  be 
divided,  not  only  is  general  sensibility  destroyed  in  the  Schneiderian 
mucous  membrane,  but  a  disturbance  begins  to  take  place  in  the 
nutrition  of  its  tissue,  by  which  it  is  gradually  rendered  unfit  for 
the  performance  of  its  special  function,  and  the  power  of  smell  is 
finally  lost.  The  mucous  membrane,  under  these  circumstances, 
becomes  injected  and  swollen,  and  the  nasal  passage  is  obstructed 
by  an  accumulation  of  puriform  mucus.  According  to  Longet^  the 
mucous  membrane  also  assumes  a  fungous  consistency,  and  is  liable 
to  bleed  at  the  slightest  touch.  The  effect  of  this  alteration  is  to 
blunt  or  altogether  destroy  the  sense  of  smell.  It  is  owing  to  a 
similar  unnatural  condition  of  the  mucous  membrane  that  the  power 
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of  smell  is  always  more  or  less  impaired  in  cases  of  coryza  and 
influenza.  The  olfactory  nerves  become  inactive  in  consequence 
of  the  morbid  alteration  in  their  mucous  membrane,  and  in  the 
secretions  which  cover  it. 

The  influence  of  this  nerve  over  the  organ  of  vision  is  still  more 
remarkable.  It  has  been  known  for  many  years  that  division  of 
the  fifth  pair  within  the  cranium,  or  of  its  ophthalmic  branch,  is  fol- 
lowed by  an  inflammation  of  the  corresponding  eye,  which  usually 
goes  on  to  complete  and  permanent  destruction  of  the  orgaa 
Immediately  after  the  operation,  the  pupil  becomes  contracted  and 
the  conjunctiva  loses  its  sensibility.  At  the  end  of  twenty-four 
hours,  the  cornea  begins  to  become  opaline,  and  by  the  second 
day  the  conjunctiva  is  already  inflamed  and  begins  to  discharge  a 
purulent  secretion.  The  inflammation,  after  commencing  in  the 
conjunctiva,  increases  in  intensity  and  soon  spreads  to  the  ins, 
which  becomes  covered  with  a  layer  of  inflammatory  exudation. 
The  cornea  grows  constantly  more  opaque,  until  it  is  at  last 
altogether  impermeable  to  light,  and  vision  is  consequently  sus- 
pended. Blindness,  therefore,  does  not  result  in  these  instances 
from  any  direct  affection  of  the  optic  nerve  or  of  the  retina,  but  is 
owing  simply  to  opacity  of  the  cornea.  Sometimes  the  diseased 
action  goes  on  until  it  results  in  ulceration  of  the  cornea  and  dis- 
charge of  the  humors  of  the  eye ;  sometimes,  after  the  lapse  of 
several  days,  the  inflammatory  appearances  subside,  and  the  eye  is 
finally  restored  to  its  natural  condition. 

It  has  been  observed,  however,  that  although  the  above  conse-  i 
quences  always  follow  division  of  the  fifth  pair,  when  performed  at ; 
the  level  of  the  Casserian  ganglion,  or  between  it  and  the  eyeball, 
^hey  are  either  much  diminished  in  intensity  or  altogether  wanting 
when  the  division  is  made  at  a  point  posterior  to  the  ganglion. 
This  circumstance  has  led  to  the  belief  that  the  influence  of  the  fifth 
pair  on  the  nutrition  of  the  eyeball  does  not  reside  in  its  own  proper 
fibres,  but  in  some  filaments  of  the  sympathetic  nerve  which  join 
the  fifth  pair  at  the  level  of  the  Casserian  ganglion.  If  the  section 
accordingly  be  made  at  this  point,  or  in  front  of  it,  the  fibres  of  the 
sympathetic  will  be  divided  with  the  others,  and  inflammation  of 
the  eye  will  result ;  but  if  the  section  be  made  behind  the  ganglion, 
the  fibres  of  the  sympathetic  will  escape  division,  and  the  injurious 
effects  upon  the  eye  will  be  wanting.  Such  is  the  explanation 
usually  given  of  the  above-mentioned  facts ;  but  the  question  has 
not  as  yet  been  determined  in  a  positive  manner. 
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Diyision  of  the  fifth  pair  destroys  also  the  general  sensibility  of 
the  external  auditory  meatus,  the  lining  membrane  of  which  is 
supplied  by  its  filaments.  Inflammation  of  this  membrane  and  its 
consequent  alterations,  it  is  well  known,  interfere  seriously  with 
the  sense  of  hearing.  It  is  no  uncommon  occurrence  for  an  accu- 
mulation of  cerumen  to  take  place  after  inflammation  of  this  part^ 
so  as  to  block  up  the  auditory  canal  and  produce  partial  or  com- 
plete deafness.  It  has  not  been  ascertained,  however,  whether 
division  of  the  fifth  pair  is  usually  followed  by  similar  changes  in 
this  part. 

'  The  lingual  branch  of  the  fifth  pair  supplies  the  anterior  ex- 
tremity and  middle  portion  of  the  tongue  both  with  general  sensi- 
bility and  with  the  power  of  taste.  The  sensibility  of  the  tongue 
is  accordingly  provided  for  by  two  different  nerves ;  in  its  anterior 
two-thirds,  by  the  lingual  branch  of  the  fifth  pair ;  in  its  posterior 
third,  by  the  fibres  of  the  glosso-pharyngeal. 

The  facial  branches  of  the  fifth  pair  are  the  ordinary  seat  of  tic 
douloureux.  This  affection  is  not  unfrequently  confined  to  either 
the  supra-orbital,  the  infra-orbital,  or  the  mental  branch ;  and  the 
pain  may  be  accurately  traced  in  the  direction  of  their  diverging 
fibres.  It  has  already  been  mentioned  that  the  painful  sensations 
sometimes  also  follow  the  course  of  the  facial,  owing  to  some  sensi- 
tive filaments  which  that  nerve  receives  from  the  fifth  pair. 

Facial. — This  nerve  was  known  to  the  older  anatomists  as  the 
"portio  dura  of  the  seventh  pair."  It  leaves  the  cavity  of  the 
cranium  by  the  internal  auditory  foramen,  in  company  with  the 
auditory  nerve ;  and,  as  the  latter  is  of  a  softer  consistency  than  the 
former,  they  have  received  the  names  respectively  of  the  "  portio 
mollis"  and  "  portio  dura"  of  the  seventh  pair.  There  is,  however, 
no  physiological  connection  between  these  two  nerves ;  for  while 
the  auditory  is  spread  out  in  the  cavity  of  the  internal  ear,  the  facial 
passes  onward  through  the  petrous  portion  of  the  temporal  bone, 
emerges  at  the  stylo-mastoid  foramen,  bends  round  beneath  the 
external  ear,  and  passes  forward  through  the  substance  of  the 
parotid  gland,  forming  a  plexus  called  the  "pes  anserinus,"  by  the 
abundant  inosculation  of  its  different  branches.  It  then  sends  its 
filaments  forward  in  a  diverging  course,  and  is  finally  distributed 
to  the  muscles  of  the  external  ear,  to  the  frontalis  and  superciliaris 
muscles,  to  the  orbicularis  oculi,  the  compressors  and  dilators  of 
the  nares,  the  orbicularis  oris,  and  to  the  elevators  and  depressors 
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lips ;  that  is,  to  the  Euperficial  rauscles  of  the  face 
concerned  in  the  production  of  expression.  (Fig.  151.) 

The  facial,  consequently,  is  the 
motor  nerve  of  the  face.  It  has 
nothing  to  do  with  transmitting 
sensitive  impressions,  since  it  has 
been  frequently  shown  that  after 
section  of  the  fifth  pair,  the  facial 
remaining  entire,  the  sensibility  of 
the  face  is  completely  lost;  so  that 
the  integument  may  be  cut,  pricked, 
pierced,  or  lacerated,  without  any 
sign  of  pain  being  exhibited  by  the 
animal.  The  facial,  therefore,  does 
not  transmit  sensation  from  these 
parts;  and  its  division,  which  was 
formerly  resorted  to  in  cases  of 
tio  douloureux,  is  accordingly  alto-  »^'-i*i,  h>«t.. 

gether  incapable  of  relieving  neuralgic  pains. 

This  nerve,  however,  is  directly  connected  with  muscular  action. 
since  mechanical  or  galvanic  irritation  of  its  fibres  produces  con- 
vulsive twitching  in  the  ears,  noistrils,  lips,  and  checks. 

If  the  facial  nerve  be  divided  in  one  of  the  lower  animals,  as,  for 
example,  in  the  cat,  immediately  after  its  emergence  from  the 
stylo-mastoid  foramen,  it  will  be  found  that  complete  muscular 
paralysis  has  occurred  in  all  those  parts  to  which  the  nerve  is  difl- 
tributed,  while  the  power  of  sensation  remains  unimpaired.  The 
animal  is  incapable  of  moving  the  ear,  which  remains  constantly  in 
the  same  position.  There  is  also  incapacity  of  closing  the  eyelids, 
owing  to  paralysis  of  the  orbicularis  oculi,  and  the  eye  accordingly 
remains  constantly  open,  even  when  the  opposite  eye  is  closed ; 
as  during  sleep,  or  in  the  act  of  winking.  If  the  conjunctiva  be 
touched,  the  animal  feels  the  irritation,  and  endeavors  to  escape 
from  it;  but  the  eyeball  is  only  drawn  partially  backward  into  the 
socket  by  the  notion  of  the  recti  muscles,  and  the  third  eyelid 
pushed  partly  across  the  cornea.  The  complete  closure  of  the  eye 
ie  impossible.  It  will  be  observed,  accordingly,  that  precisely  oppo- 
site effects  are  produced  upon  the  eyelids  by  paralysis  of  the  oculo- 
raotorius  nerve,  and  by  that  of  the  facial.  In  the  former  instance,  I 
owing  to  the  paralysis  of  the  levator  palpebree  superioris,  the  eye 
is  always  partially  closed;  in  the  latter,  owing  to  paralysis  of  the' 
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orbicularis,  it  is  always  partially  open.  The  movements  of  the 
nares  are  also  suspended  on  the  side  of  the  injury,  and  if  the  angle 
of  the  mouth  be  examined  on  that  side,  it  will  be  found  to  hang 
down  lower  than  on  the  opposite  side,  and  to  be  constantly  partly 
open,  owing  to  the  paralysis  of  the  orbicularis  oris  and  the  eleva- 
tors of  the  angle  of  the  mouth. 

These  are  the  only  inconveniences  which  follow  the  division  of 
the  facial  nerve  in  the  cat,  but  in  some  other  of  the  lower  animals, 
where  various  muscular  organs  in  this  region  are  particularly  de- 
veloped, the  consequences  are  more  troublesome.  Thus,  in  the  rabbit, 
the  ear,  upon  the  affected  side,  falls  down,  and  cannot  be  raised  or 
pointed  in  different  directions ;  and  as  the  movements  of  the  ear 
are  important  in  these  animals,  as  aids  to  the  hearing,  the  per- 
fection of  this  sense  must  be  considerably  impaired  by  paralysis  of 
the  facial  nerve.  In  the  horse,  it  has  been  noticed  by  Bernard,* 
that  division  of  the  &uc\sX  on  both  sides  is  fatal  by  suffocation.  For 
this  animal  breathes  exclusively  through  the  nostrils,  which  open 
widely  at  the  time  of  inspiration,  to  allow  the  admission  of  air.  If 
these  movements  be  suspended,  by  paralysis  of  the  facial  nerve,  the 
nostrils  immediately  collapse,  and  the  animal  dies  by  suffocation. 

In  the  human  subject,  the  facial  nerve  is  occasionally  paralyzed 
upon  one  side,  sometimes  from  sympathetic  irritation,  sometimes 
from  organic  disease  in  the  petrous  portion  of  the  temporal  bone, 
or  within  the  cranial  cavity  near  the  origin  of  the  nerve.  In  either 
case,  an  extremely  well-marked  affection  is  the  result,  known  as 
"facial  paralysis."  This  condition  is  chiefly  characterissed  by  an 
entire  absence  of  expression  on  the  affected  side  of  the  face.  The 
lower  eyelid  sinks  downward,  from  paralysis  of  the  orbicularis 
muscle,  and  cannot  be  closed. 

The  corner  of  the  mouth  also  falls  downward,  and  the  whole 
lower  part  of  the  face  is  drawn  over  to  the  opposite  side,  by  the 
force  of  the  antagonistic  muscles.  The  lips  are  unable  to  retain 
the  fluids  of  the  mouth ;  and  the  saliva  dribbles  away  from  between 
them,  giving  to  the  face  a  remarkably  vacant  and  helpless  appear- 
ance. 

(  The  principal  inconvenience,  however,  suffered  by  the  human 
subject  in  facial  paralysis,  depends  upon  the  want  of  action  of  the 
muscles  about  the  lips  and  cheek.    In  drinking,  the  fluids  escape 

'  Le(;ons  sur  la  Pliysiologie  et  la  PatUologie  du  Sy^t6me  Nerveux,  Paris,  1858, 
Tol.  ii.  p.  38. 
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by  the  corner  of  the  mouth,  and  in  mastication  the  food  has  partly 
a  tendency  to  escape  by  the  same  opening,  and  partly  accumulates, 
on  the  affected  side,  between  the  gums  and  the  cheek,  owing  to  the 
paralysis  of  the  buccinator  muscle,  which  receives  its  motor  fila- 
ments from  the  facial  nerve.  Thus,  the  action  of  all  the  superficial 
&cial  muscles  is  suspended,  the  expression  of  the  face  is  destroyed, 
and  the  movements  of  the  lips  and  the  prehension  of  the  food 
seriously  interfered  with. 

Though  the  facial,  however,  be  essentially  a  motor  nerve,  jet  its 
principal  branches  distributed  to  the  &ce  have  a  certain  degree  of 
sensibility ;  that  is,  when  these  branches  are  irritated  in  the  middle 
of  their  course,  the  animal  immediately  gives  evidence  of  a  painful 
sensation.  Longet  has  shown,  by  an  extremely  ingenious  mode 
of  experiment,'  that  this  sensibility  of  the  branches  of  the  facial 
does  not  depend  on  any  sensitive  fibres  of  their  own,  but  upon 
those  which  they  derive  from  inosculation  with  the  fifth  pair.  He 
exposes,  for  example,  the  facial  nerve  in  the  dog,  and,  irritating  its 
principal  branches  one  after  the  other,  at  each  application  of  the 
irritant  there  are  evident  signs  of  pain.  He  then  divides  the  facial 
nerve  at  its  point  of  exit  from  the  stylo-mastx)id  foramen,  and 
finds  that,  after  this  operation,  the  sensibility  of  its  branches  still 
remains.  The  fibres,  accordingly,  upon  which  this  sensibility 
depends,  do  not  pass  out  with  the  trunk  of  the  nerve,  but  are 
derived  from  some  other  source.  The  experimenter,  then,  upon 
another  animal,  divides  the  fifth  pair  within  the  skull,  leaving  the 
facial  untouched;  and  afterward,  on  irritating  as  before  the  ex- 
posed branches  of  the  latter  nerve,  he  finds  that  its  sensibility  has 
entirely  disappeared.  It  is  by  filaments,  accordingly,  derived  from 
the  fifth  pair,  that  a  certain  degree  of  sensibility  is  communicated 
to  the  branches  of  the  facial. 

These  facts  account  for  the  peculiar  circumstance  that,  in  cases 
of  tic  douloureux,  the  spasmodic  pain  sometimes  follows  exactly 
the  course  of  the  facial  nerve,  viz :  from  behind  the  ear  forward 
upon  the  side  of  the  face ;  and  yet  the  section  of  this  nerve  does  not 
put  an  end  to  the  neuralgia,  but  only  causes  paralysis  of  the  facial 
muscles. 

Glosso-Pharyngeal. — This  nerve  originates  from  the  lateral 
portion  of  the  medulla  oblongata,  passes  outward,  and  enters  the 

>  Trait6  de  Phyaiologie,  vol.  ii.  pp.  354-357. 
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posterior  foramen  lacerum  in  company  with  the  pneumogastrio  and 
spinal  accessory.  While  in  the  jugular  fossa  it  presents  a  gangliform 
enlargement,  called  the  ganglion  of  Andersch,  below  the  level  of 
which  it  receives  branches  of  communication  &om  the  facial  and 
the  spinal  accessory.  It  then  runs  downward  and  forward,  and  is 
distributed  to  the  mucous  membrane  of  the  base  of  the  tongue, 
pillars  of  the  fauces,  soil  palate,  middle  ear,  and  upper  part  of  the 
pharynx.  It  also  sends  some  branches  to  the  constrictors  of  the 
pharynx  and  the  neighboring  muscles.  Longet  has  found  this 
nerve  at  its  origin  to  be  exclusively  sensitive ;  but  below  the  level 
of  its  ganglion  it  has  been  found  by  him,  as  well  as  by  various 
other  observers,  to  be  both  sensitive  and  motor,  owing  to  the  fibres 
of  communication  received  from  the  motor  nerves  mentioned  above. 
Its  final  distribution  is,  however,  as  we  have  seen,  principally  to 
sensitive  surfaces.  The  principal  ofiice  of  this  nerve  is  to  impart 
the  sense  of  taste  to  the  posterior  third  of  the  tongue,  to  which  it  is 
distributed.  It  also  presides  over  the  general  sensibility  of  this 
part  of  the  tongue,  as  well  as  that  of  the  fauces  and  pharynx. 

Dr.  John  Reid,^  who  has  performed  a  great  variety  of  experiments 
upon  this  nerve,  comes  to  the  following  conclusions  in  regard  to  it 
First,  that  it  is  essentially  a  sensitive  nerve,  since  there  are  unequi- 
vocal signs  of  pain  when  it  is  pricked,  pinched,  or  cut.    Second, 
that  irritation  of  this  nerve  produces  convulsive  movements  of  the 
throat  and  lower  part  of  the  face ;  but  that  these  movements  are,  in 
I  great  measure,  not  direct,  but  reflex  in  their  character,  since  they 
j  will  take  place  equally  well  after  the  glosso-pharyngeal  has  been 
I  divided,  if  the  irritation  be  applied  to  its  cranial  extremity.    Third, 
that  this  nerve  supplies  the  special  sensibility  of  taste  to  a  portion 
of  the  tongue ;  but  that  it  is  not  the  eaxlusive  nerve  of  this  sense, 
since  the  power  of  taste  remains,  after  it  has  been  divided  on  both 
sides. 

There  are  certain  reflex  actions,  furthermore,  which  take  place 
through  the  medium  of  the  glosso-pharyngeal  nerve.  Afl»r  the 
food  has  been  thoroughly  masticated,  it  is  carried,  by  the  move- 
ments of  the  tongue  and  sides  of  the  mouth,  through  the  fauces, 
and  brought  in  contact  with  the  mucous  membrane  of  the  pharynx. 
This  produces  an  impression  which,  conveyed  to  the  medulla 
oblongata  by  the  filaments  of  the  glosso-pharyngeal,  excites  the 

'  In  Todd*8  Cjrclopsedia  of  Anntomy  and  Phjsiologj,  article  GloMo-pharyngeal 
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muscles  of  the  fauces  and  pharynx  by  reflex  action.  The  food  is 
consequently  grasped  by  these  muscles^  without  the  concurrence  of 
the  will,  and  the  process  of  deglutition  is  commenced.  This  action 
is  not  only  involuntary,  but  it  will  frequently  take  place  even  in 
opposition  to  the  will.  The  food,  once  past  the  isthmus  of  the  fauces, 
is  beyond  the  control  of  volition,  and  cannot  be  returned  except  by 
convulsive  action,  equally  involuntary  in  its  character. 

Natural  stimulants,  therefore,  applied  to  the  mucous  membrane 
of  the  pharynx,  excite  deglutition ;  unnatural  stimulants,  applied 
to  the  same  part,  excite  vomiting.  If  the  finger  be  introduced  into 
the  fauces  and  pharynx,  or  if  the  mucous  membrane  of  these  parts' 
be  irritated  by  prolonged  tickling  with  the  end  of  a  feather,  the 
sensation  of  nausea,  conveyed  through  the  glosso-pharyngeal  nerve, 
is  sometimes  so  great  as  to  produce  immediate  and  copious  vomit- 
ing. This  method  may  often  be  successfully  employed  in  cases  of 
poisoning,  when  it  is  desirable  to  excite  vomiting  rapidly,  and  when 
emetic  medicines  are  not  at  hand. 

Pneumogastric. — Owing  to  the  numerous  connections  of  the 
pneumogastric  with  other  nerves,  its  varied  and  extensive  distribu- 
tion, and  the  important  character  of  its  functions,  this  is  properly 
regarded  as  one  of  the  most  remarkable  nerves  in  the  whole  body. 
Owing  to  the  wandering  course  of  its  fibres,  which  are  distributed 
to  no  less  than  four  different  vital  organs,  viz.,  the  heart,  lungs, 
stomach  and  liver,  as  well  as  to  several  other  parts  of  secondary 
importance,  it  has  been  often  known  by  the  name  of  the  par  vagum. 
The  pneumogastric  arises,  by  a  number  of  separate  filaments,  from 
the  lateral  portion  of  the  medulla  oblongata,  in  the  groove  between 
the  olivary  and  restiform  bodies.  These  filaments  unite  into  a 
single  trunk,  which  emerges  from  the  cranium  by  the  jugular  fora- 
men, where  it  is  provided  with  a  longitudinal  ganglionic  swelling, 
the  "  ganglion  of  the  pneumogastric  nerve."  Immediately  below 
the  level  of  this  ganglion  the  nerve  receives  an  important  branch 
of  communication  from  the  spinal  accessory,  and  afterward  from 
the  facial,  the  hypoglossal,  and  the  anterior  branches  of  the  first 
and  second  cervicals. 

At  its  origin,  the  pneumogastric  is  exclusively  a  sensitive  nerve. 
Irritated  above  the  situation  of  its  ganglion,  it  has  been  found  to 
convey  painful  sensations  alone ;  but  if  the  irritation  be  applied  at 
a  lower  level,  it  causes  at  the  same  time  muscular  contractions, 
owing  to  the  filaments  which  it  has  received  from  the  above-men- 
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tionej  motor  nerves.  It  becomes,  consequently,  after  emergiag' 
fi-oni  the  cmoial  cavity,  a  mixed  nerve;  and  has,  accordingly, 
nearly  all  its  branches,  a  double  distribution,  viz.,  to  the  tnuooi 
membranes  and  the  muscular  coat  of  the  organs  to  wliicb  it  belougB. 
The  ordinary  sensibility  of  the  pneu-I 
mogastric  nerve,  however,  as  all  experi-1 
menters  have  observed,  is  exceedingly  I 
dull,  in  comparison  with  that  of  ihe  other  1 
sensitive  cranial  nerves.  We  have  often  ' 
divided  this  nerve  in  the  middle  of  tbe 
neck,  without  any  distinct  manifestati< 
of  pain  being  given  by  the  animal;  and- 
tliough  Bernard  has  found  that  at  soma 
times  its  sensibility  is  well  marked,  while- 
at  others  it  is  very  indistinct,  he  is  not 
able  to  say  upon  what  special  physioi 
logical  conditions  this  difference  depends, 
While  the  pneumogastrie,  however,  is 
decidedly  deficient,  as  a  general  rule, 
ordinary  sensibility,  it  possesses,  ad  wo 
shall  see  hereafter,  a  sensibility  of  a  pecu- 
liar kind,  which  is  exceedingly  important. 
for  the  maintenance  of  the  vital  funOi 
tions. 

In  passing  down  the  neck,  this  nervai 
sends  branches  to  the  mucous  membrane-l 
and  muscular  coat  of  the  pharynx, 
phagus,  and  respiratory  passages.  Among 
the  most  important  of  these  branches  are 
the  two  laryngeal  nerves,  viz.,  the  supe- 
rior and  inferior.  The  superior  laryngeal 
nerve,  which  is  given  off  from  the  trunk 
nt.vi!,wiihii.priD«ip«iii™nobM.  of  the  pneumogastrio  just  after  it  has 
rtuf  tai-V^™"  aTnwini-  i-r^  emerged  from  the  cavity  of  the  skull, 
B«i.  *.  piiipion.ry  bngebD..  fl.  passcs  dowHward  and  forward,  penetrates 
the  larynx  by  an  opening  in  the  aide  of 
the  thyro-hyoid  membrane,  and  ia  distributed  to  the  mucous  mem- 
brane of  the  larynx  and  glottis,  and  also  to  a  single  laryngeal  mus- 
cle, viz.,  the  crieo- thyroid.  This  branch  is  therefore  partly  mus- 
cular, but  mostly  sensitive  ia  its  distribution.  The  ioferior  laryngeal 
branch  is  given  off  just  after  the  pneumogastrio  haa  entered  the 
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cavity  of  the  chest.  It  curves  round  the  subclavian  artery  on  the 
right  side  and  the  arch  of  the  aorta  on  the  left,  and  ascends  in  the 
groove  between  the  trachea  and  oesophagus,  to  the  larynx.  It 
then  enters  the  larynx  between  the  cricoid  cartilage  and  the  pos- 
terior edge  of  the  thyroid,  and  is  distributed  to  all  the  muscles  of 
the  larynx,  with  the  exception  of  the  crico-thyroid.  This  branch 
is,  therefore,  exclusively  muscular  in  its  distribution. 

The  trunk  of  the  pneumogastric,  after  supplying  the  above 
branches,  as  well  as  sending  numerous  filaments  to  the  trachea 
and  oesophagus  in  the  neck,  gives  ofiT  in  the  chest  its  pulmonary 
branches^  which  follow  the  bronchial  tubes  in  the  lungs  to  their 
minutest  ramifications.  It  then  passes  into  the  abdomen  and  sup- 
plies the  muscular  and  mucous  layers  of  the  stomach,  ramifying 
over  both  the  anterior  and  posterior  surfaces  of  the  organ ;  after 
which  its  fibres  spread  out  and  are  distributed  to  the  liver,  spleen, 
pancreas,  and  gall-bladder. 

The  functions  of  the  pneumogastric  will  now  be  successively 
studied  in  the  various  organs  to  which  it  is  distributed. 

Pharynx  and  CEsophagvs. — The  reflex  action  of  deglutition,  which  i 
has  already  been  described  as  commencing  in  the  upper  part  of  the 
pharynx,  by  means  of  the  glosso-pharyngeal,  is  continued  in  the 
lower  portion  of  the  pharynx  and  throughout  the  oesophagus  by 
the  aid  of  the  pneumogastric.  As  the  food  is  compressed  by  the 
superior  constrictor  muscle  of  the  pharynx  and  forced  downward, 
it  excites  the  mucous  membrane  with  which  it  is  brought  in  contact 
and  gives  rise  to  another  contraction  of  the  middle  constrictor.  The 
lower  constrictor  is  then  brought  into  action  in  its  turn  in  a  similar 
manner ;  and  a  wave-like  or  peristaltic  contraction  is  thence  pro- 
pagated throughout  the  entire  length  of  the  oesophagus,  by  which 
the  food  is  carried  rapidly  from  above  downward,  and  conducted  at 
last  to  the  ston^ach.  Each  successive  portion  of  the  mucous  mem- 
brane, in  this  instance,  receives  in  turn  the  stimulu^  of  the  food, 
and  excites  instantly  its  own  muscles  to  contraction ;  so  that  the 
food  passes  rapidly  from  one  end  of  the  oesophagus  to  the  other,  by 
an  action  which  is  wholly  reflex  in  character  and  entirely  withdrawn 
from  the  control  of  the  will.  Section  of  the  pneumogastric,  or  of 
its  pharyngeal  and  oesophageal  branches,  destroys  therefore  at  the 
same  time  the  sensibility  and  the  motive  power  of  these  parts.  The 
food  is  no  longer  conveyed  readily  to  the  stomach,  but  accumulates 
in  the  paralyzed  oesophagus,  into  which  it  is  forced  by  the  voluntary 
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movements  of  the  mouth  and  fauces,  and  by  the  continued  action 
of  the  upper  part  of  the  pharynx. 

It  must  be  remembered  that  the  general  sensibility  of  the  oeso- 
phagus is  very  slight,  as  compared  with  that  of  the  integument,  or 
even  of  the  mucous  membranes  near  the  exterior.    It  is  a  general 
rule,  in  fact,  that  the  sensibility  of  the  mucous  membranes  is  most 
acute  at  the  external  orifices  of  their  canals ;  as,  for  example,  at  the 
lips,  anterior  nares^  anus,  orifice  of  the  urethra,  &c.    It  diminishes 
constantly  from  without  inward,  and  disap[>ears  altogether  at  a 
certain  distance  from  the  surface.    The  sensibility  of  the  pharynx 
is  less  acute  than  that  of  the  mouth,  but  is  still  sufficient  to  enable 
us  to  perceive  the  contact  of  ordinary  substances;  while  in  the 
oesophagus  we  are  not  usually  sensible  of  the  impression  of  the  food 
as  it  passes  from  above  downward.    The  reflex  action  takes  place 
here  without  any  assistance  from  the  consciousness ;  and  it  is  only 
when  substances  of  an  unusually  pungent  or  irritating  nature  are 
mingled  with  the  food,  that  its  passage  through  the  oesophagus  pro- 
duces a  distinct  sensation. 

Larynx, — We  have  already  described  the  course  and  distribution 
of  the  two  laryngeal  branches  of  the  pneumogastric.  The  superior 
laryngeal  nerve  is  principally  the  sensitive  nerve  of  the  larynx. 
Its  division  destroys  sensibility  in  the  mucous  membrane  of  this 
organ,  but  paralyzes  only  one  of  its  muscles,  viz :  the  crico-thyroid. 
Galvanization  of  this  nerve  has  also  been  found  to  induce  con- 
tractions in  the  crico-thyroid,  but  in  none  of  the  other  muscles 
belonging  to  the  larynx.  The  inferior  laryngeal,  on  the  other 
hand,  is  a  motor  nerve.  Its  division  paralyzes  all  the  muscles  of 
the  larynx  except  the  crico-thyroid ;  and  irritation  of  its  divided 
extremity  produces  contraction  in  the  same  muscles.  The  muscles 
and  mucous  membrane  of  the  larynx  are  therefore  supplied  by  two 
different  branches  of  the  same  trunk,  viz.,  the  sup^or  laryngeal 
nerve  for  the  mucous  membrane,  and  the  inferior  laryngeal  nerve 
for  the  muscles. 

The  larynx,  in  man  and  in  all  the  higher  animals,  performs  a 
double  function ;  one  part  of  which  is  connected  with  the  voice,  the 
other  with  respiration. 

The  formation  of  the  voice  in  the  larynx  takes  place  as  follows. 
If  the  glottis  be  exposed  in  the  living  animal,  by  opening  the 
pharynx  and  oesophagus  on  one  side,  and  turning  the  larynx  for- 
ward, it  will  be  seen  that  so  long  as  the  vocal  chords  preserve 
their  usual  relaxed  condition  during  expiration,  no  sound  is  heard. 
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except  the  ordinary  faint  whisper  of  the  air  passing  gently  through 
the  cavity  of  the  larynx.  When  a  vocal  sound,  however,  is  to  be 
produced,  the  chords  are  suddenly  made  tense  and  applied  closely 
to  each  other,  so  as  to  diminish  very  considerably  the  size  of  the 
orifice;  and  the  air,  driven  by  an  nnusually  forcible  expiration 
through  the  narrow  opening  of  the  glottis,  in  passing  between  the 
vibrating  vocal  chords,  is  itself  thrown  into  vibrations  which  pro- 
duce the  sound  required.  The  tone,  pitch,  and  intensity  of  this 
sound,  vary  with  the  conformation  of  the  larynx,  the  degree  of  ten- 
sion and  approximation  of  the  vocal  chords,  and  the  force  of  the 
expiratory  eflFort.  The  narrower  the  opening  of  the  glottis,  and  the' 
greater  the  tension  of  the  chords,  under  ordinary  circumstances,  the 
more  acute  the  sound ;  while  a  wider  opening  and  a  less  degree  of 
tension  produce  a  graver  note.  The  quality  of  the  sound  is  also 
modified  by  the  length  of  the  column  of  air  included  between  the 
glottis  and  the  mouth,  the  tense  or  relaxed  condition  of  the  walls 
of  the  pharynx  and  fauces,  and  the  state  of  dryness  or  moisture  of 
the  mucous  membrane  lining  the  aerial  passages. 

Articulation,  on  the  other  hand,  or  the  division  of  the  vocal  sound 
into  vowels  and  consonants,  is  accomplished  entirely  by  the  lips, 
tongue,  teeth,  and  fauces.  These  organs,  however,  are  under  the 
control  of  other  nerves,  and  the  mechanism  of  their  action  need  not 
occupy  us  here. 

Since  the  production  of  a  vocal  sound,  therefore,  depends  upon 
the  tension  and  position  of  the  vocal  chords,  as  determined  by  the 
action  of  the  laryngeal  muscles,  it  is  not  surprising  that  division  of 
the  inferior  laryngeal  nerves,  by  paralyzing  these  muscles,  should 
produce  a  loss  of  voice.  It  has  been  sometimes  found  that  in  very 
young  animals  the  crico-thyroid  muscles,  which  are  the  only  ones 
not  aflfected  by  division  of  the  inferior  laryngeal  nerves,  are  still 
sufficient  to  give  some  degree  of  tension  to  the  vocal  chords,  and 
to  produce  in  this  way  an  imperfect  sound ;  but  usually  the  voice 
is  entirely  lost  after  such  an  operation. 

It  is  a  very  remarkable  fact,  however,  in  this  connection,  that  all 
the  motor  filaments  of  the  pneumogastric,  which  are  concerned  in 
the  formation  of  the  voice,  are  derived  from  a  single  source.  It 
will  be  remembered  that  the  pneumogastric,  itself  originally  a 
sensitive  nerve,  receives  motor  filaments,  on  leaving  the  cranial 
cavity,  from  no  less  than  five  diflferent  nerves.  Of  these  filaments, 
however,  those  coming  from  the  spinal  accessory  are  the  only  ones 
necessary  to  the  production  of  vocal  sounds.  For  it  has  been  found 
30 
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by  Bischoflf  and  by  Bernard*  that  if  all  the  roots  of  the  spinal  acces- 
sory be  divided  at  their  origin,  or  if  the  nerve  itself  be  torn  away 
at  its  exit  from  the  skull,  all  the  other  cranial  nerves  remaining 
untouched,  the  voice  is  lost  as  completely  as  if  the  inferior  laryn- 
geal itself  had  been  destroyed.  All  the  motor  fibres  of  the  pnou- 
mogastric,  therefore,  which  act  in  the  formation  of  the  voice  are 
derived,  by  inosculation,  from  the  spinal  accessory  nerve. 

In  respiration,  again,  the  larynx  performs  another  and  still  more 
important  function.  In  the  first  place,  it  stands  as  a  sort  of  guard, 
or  sentinel,  at  the  entrance  of  the  respiratory  passages,  to  prevent 
the  intrusion  of  foreign  substances.  If  a  crumb  of  bread  accidentally 
fall  within  the  aryteno-epiglottidean  folds,  or  upon  the  edges  of  the 
vocal  chords,  or  upon  the  posterior  surface  of  the  epiglottis,  the 
sensibility  of  these  parts  immediately  excites  a  violent  expulsive 
cough,  by  which  the  foreign  body  is  dislodged.  The  impression 
received  and  conveyed  inward  by  the  sensitive  fibres  of  the  superior 
laryngeal  nerve,  is  reflected  back  upon  the  expiratory  muscles 
of  the  chest  and  abdomen,  by  which  the  instinctive  movements  of 
coughing  are  accomplished.  Touching  the  above  parts  with  the 
point  of  a  needle,  or  pinching  them  with  the  blades  of  a  forceps, 
will  produce  the  same  efiect.  This  reaction  is  essentially  dependent 
on  the  sensibility  of  the  laryngeal  mucous  membrane ;  and  it  can 
no  longer  be  produced  after  section  of  the  pneumogastric  nerve,  or 
of  its  superior  laryngeal  branch. 

In  the  second  place,  the  respiratory  movements  of  the  glottis,  already 
described  in  a  previous  chapter,  are  of  the  greatest  importance  to 
the  preservation  of  life.  We  have  seen  that  at  the  moment  of 
inspiration  the  vocal  chords  are  separated  from  each  other,  and  the 
glottis  opened,  by  the  action  of  the  posterior  crico-arytenoid  muscles ; 
and  that  in  expiration  the  muscles  and  the  vocal  chords  are  both 
relaxed,  and  the  air  allowed  to  pass  out  readily  through  the  glottis. 
The  opening  of  the  glottis  in  inspiration,  therefore,  is  an  active 
movement,  while  its  partial  closure  or  collapse  in  expiration  is  a 
passive  one.  Furthermore,  the  opening  of  the  glottis  in  inspiration 
is  necessary  in  order  to  afford  a  sufl&ciently  wide  passage  for  the 
air,  in  its  way  to  the  trachea,  bronchi,  and  pulmonary  vesicles. 

Now  we  have  found,  as  Budge  and  Longet  had  previously  no- 
ticed, that  if  the  inferior  laryngeal  nerve  on  the  right  side  be 
divided  while  the  glottis  is  exposed  as  above,  the  respiratory  move- 

I  Rechf  rches  Bxp^rim^ntales  snr  les  fonotions  da  nerf  spinal.    Paris,  1S61. 
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ments  of  the  right  vocal  chord  instantly  cease,  owing  to  the  para- 
lysis of  the  posterior  crico-arytenoid  muscle  on  that  side.    If  the! 
inferior  laryngeal  nerve  on  the  left  side  be  also  divided,  the  para-' 
lysis  of  the  glottis  is  then  complete,  and  its  respiratory  movements 
cease  altogether.    A  serious  difficulty  in  respiration  is  the  imme* 
diate  consequence  of  this  operation.    For  the  vocal  chords,  being 
no  longer  stretched  and  separated  from  each  other  at  the  moment 
of  inspiration,  but  remaining  lax  and  flexible,  act  as  a  double  valve, 
and  are  pressed  inward  by  the  column  of  inspired  air;  thus  par- 
tially blocking  up  the  passage  and  impeding  the  access  of  air  to 
the  lungs.    If  the  pneumogastrics  be  divided  in  the  middle  of  the 
neck,  the  larynx  is  of  course  paralyzed  precisely  as  after  section 
of  the  inferior  laryngeal  nerves,  since  these  nerves  are  given  ofif  j 
only  after  the  main  trunks  have  entered  the  cavity  of  the  chest.  I 
The  immediate  effect  of  either  of  these  operations  is  to  produce  \ 
a  difficulty  of  inspiration,  accompanied  by  a  peculiar  wheezing  or  | 
sucking  noise,  evidently  produced  in  the  larynx  and  dependent  on  \ 
the  falling  together  of  the  vocal  chords.    In  very  young  animals,   ' 
as,  for  example,  in  pups  a  few  days  old,  in  whom  the  glottis  is 
smaller  and  the  larynx  less  rigid  than  in  adult  dogs,  this  difficulty 
is  much  more  strongly  marked.    Legallois^  has  even  seen  a  pup 
two  days  old  almost  instantly  suffocated  after  section  of  the  two 
inferior  laryngeal  nerves.   'We  have  found  that>  in  pups  two 
weeks  old,  division  of  the  inferior  laryngeal  is  followed  by  death 
at  the  end  of  from  thirty  to  forty  hours^  evidently  from  impeded 
respiration. 

The  importance,  therefore,  of  these  movements  of  the  glottis  in 
respiration  becomes  very  evident    They  are,  in  fact,  part  and 
parcel  of  the  general  respiratory  movements,  and  are  necessary  to 
a  due  performance  of  the  function.    It  has  been  found,  moreover,  ; 
that  the  motor  filaments  concerned  in  this  action  are  not  derived,  j 
like  those  of  the  voice,  from  a  single  source.     While  the  vocal ' 
movements  of  the  larynx  are  arrested,  as  mentioned  above,  by  ) 
division  of  the  spinal  accessory  alone,  those  of  respiration  still  go 
on ;  and  in  order  to  put  a  stop  to  the  latter,  either  the  pneumo- 
gastrics themselves  must  be  divided,  or  all  five  of  the  motor  nerves 
from  which  their  accessory  filaments  are  derived.     This  fact  has 
been  noticed  by  Longet  as  showing  that  nature  multiplies  the  safe- 
guards of  a  function  in  proportion  to  its  importance ;  for  while  the 

>  In  Long^t*8  Traits  de  Phjfiiologie,  vol.  if.  p.  334. 
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spinal  accessory,  or  any  other  one  of  the  above-mentioned  nerves^' 
might  be  aflected  by  looal  accident  or  disease,  it  would  be  very 
improbable  that  any  single  injury  should  paralyze  simultaneously 
the  spinal  accessory,  the  facial,  the  hypoglossal,  and  the  first  audi 
second  cervicala.  The  respiratory  movements  of  the  larynx  ai 
I  consequently  much  more  tboroughly  protected  than  those  whii 
I  are  merely  concerned  in  the  formation  of  the  voice. 

Lungs. — The  influence  of  the  pneiimogastric  upon  the  fuDcti< 
of  the  iungs  is  exceediugly  important.     The  nerve  acts  here,  as 
most  other  organs  to  which  it  is  distributed,  in  a  double  or  mixed 
capacity ;  but  it  is  principally  as  the  sensitive  nerve  of  the  lungs 
that  it   has  thus  far   received   attention.     It  is  this  nerve  which 
conveys  from  the   lungs  to  the  medulla  oblongata  that  pecaliar 
impression,  termed  bcsoin  de  respirtr,  which  excites  by  reflex  action 
the"  diaphragm  and  intercostal  muscles,  and  keeps  up  the  play 
the  respiratory  movements.    As  we  have  already  shown,  this  actii 
is  an  involuntary  one,  and  will  even  take  place  when  consciousnE 
is  entirely  saapended.     It  may  indeed  be  arrested  for  a  time  by 
effort  of  the  will ;  but  the  impression  conveyed  to  the  medulla  soon 
becomes  bo  strong,  and  the  stimulus  to  inspiration  so  urgent,  that 
they  can  no  longer  be  resisted,  and  the  muscles  contract  in  spite 
our  attempts  to  restrain  them. 

A  very  remarkable  effect  is  accordingly  produced  on  respiratic 
by  simultaneous  division  of  both  pneumogastric  nerves.  Thi 
experiment  is  best  performed  on  adult  dogs,  which  may  be  ethi 
ized,  and  the  nerves  exposed  while  the  auiuial  is  in  a  conditi 
insensibility,  avoiding,  in  this  way,  the  disturbance  of  respiration, 
which  would  follow  if  the  dissection  were  performed  while  the  ani- 
mal was  conscious  and  sensible  to  pain.  After  theelTeclsof  the 
etherization  have  entirely  passed  off,  and  respiration  and  circulation 
have  both  returned  to  a  quiescent  condition,  the  two  nerves,  which 
have  been  previously  exposed  and  securetl  by  a  loose  ligature,  may 
be  instantaneously  divided,  and  the  effects  of  the  operation  readiiyj 
appreciated. 

Immediately  after  the  division  of  the  nerves,  when  performed  ij 
the  above  manner,  the  respiration  is  hurried  and  difficult,  owing 
the  sudden  paralysis  of  the  larynx  and  partial  closure  of  the  glotti 
by  the  vocal  chords,  as  already  described.  This  condition,  hoi 
ever,  is  of  short  continuance.  In  a  few  moments,  the  difficulty 
breathing  and  the  general  agitation  subside,  the  animal  becomi 
perfectly  quiet,  and  the  only  remaining  visible  effect  of  the  opei 
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tion  is  a  diminished  frequency  in  the  movements  of  respiration.  This 
diminution  is  frequentlj  strongly  marked  from  the  first,  the  number 
of  respirations  falling  at  once  to  ten  or  fifteen  per  minute,  and  be- 
coming; in  an  hour  or  two,  still  farther  reduced.  The  respirations 
are  performed  easily  and  quietly ;  and  the  animal,  if  left  undisturbed, 
remains  usually  crouched  in  a  comer,  without  giving  any  special 
signs  of  discomfort.  If  he  be  aroused  and  compelled  to  move 
about,  the  frequency  of  the  respiration  is  temporarily  augmented ; 
but  as  soon  as  he  is  again  quiet,  it  returns  to  its  former  standard. 
By  the  second  or  third  day,  the  number  of  respirations  is  often 
reduced  to  five,  four,  or  even  three  per  minute ;  when  this  is  the 
case,  the  animal  usually  appears  very  sluggish,  and  is  roused  with 
difficulty  from  his  inactive  condition.  At  this  time  the  respiration 
is  not  only  diminished  in  frequency,  but  is  also  performed  in  a 
peculiar  manner.  The  movement  of  inspiration  is  slow,  easy,  and 
silent,  occupying  several  seconds  in  its  accomplishment ;  expiration, 
on  the  contrary,  is  sudden  and  audible,  and  is  accompanied  by  a  well 
marked  expulsive  effort,  which  has  the  appearance  of  being,  to  a 
certain  extent,  voluntary  in  character.  The  intercostal  spaces  also 
sink  inward  during  the  lifting  of  the  ribs ;  and  the  whole  movement 
of  respiration  has  an  appearance  of  insufficiency,  as  if  the  lungs 
were  not  thoroughly  filled  with  air.  This  insufficiency  of  respira- 
tion is  undoubtedly  owing  to  a  peculiar  alteration  in  the  pulmonary 
texture,  which  has  by  this  time  already  commenced. 

Death  takes  place  at  a  period  varying  from  one  to  six  days  afler 
the  operation,  according  to  the  age  and  strength  of  the  animal. 
The  only  symptoms  accompanying  it  are  a  steady  failure  of  the 
respiration,  with  increased  sluggishness  and  indisposition  to  be 
aroused.  There  are  no  convulsions,  nor  any  evidences  of  pain. 
After  death  the  lungs  are  found  in  a  peculiar  state  of  solidification, 
which  is  almost  exclusively  a  consequence  of  this  operation,  and 
which  is  entirely  different  from  ordinary  inflammatory  hepatization. 
They  are  not  swollen,  but  rather  smaller  than  natural.  They  are 
of  a  dark  purple  color,  leathery  and  resisting  to  the  feel,  destitute 
of  crepitation,  and  infiltrated  with  blood.  Pieces  of  the  lung  cut 
out  sink  in  water.  The  pleural  surfaces,  at  the  same  time,  are  bright 
and  polished,  and  their  cavity  contains  no  effusion  or  exudation. 
The  lungs,  in  a  word,  are  simply  engorged  with  blood  and  empty 
of  air ;  their  tissue  having  undergone  no  other  alteration. 

These  changes  are  not  generally  uniform  over  both  lungs.  The 
organs  are  usually  mottled  on  their  exterior ;  the  variations  in  color 
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corresponding  with  the  different  degrees  of  alteration  exhibited  hy 
different  parts. 

The  explanation  usually  adopted  of  the  above  consequences  fol- 
lowing division  of  the  pneumogastrics  is  as  follows:  The  nerves 
being  divided,  the  impression  which  originates  in  the  lungs  from 
the  accumulation  of  carbonic  acid,  and  which  is  destined  to  excite 
the  respiratory  movements  by  reflex  action,  can  no  longer  be  trans- 
mitted to  the  medulla  oblongata.  The  natural  stimulus  to  respira- 
tion being  wanting,  it  is,  accordingly,  less  perfectly  performed.  The 
respiratory  movements  diminish  in  frequency,  and,  growing  con- 
tinually slower  and  slower,  finally  cease  altogether,  and  death  is 
the  result. 

The  above  explanation,  however,  is  not  altogether  suf&cient.  It 
accounts  very  well  for  the  diminished  frequency  of  respiration,  but 
not  for  its  partial  continuance.  For  if  the  pneumogastric  nerves 
be  really  the  channel  through  which  the  stimulus  to  respiration  is 
conveyed  to  the  medulla,  the  difficulty  is  not  to  understand  why 
respiration  should  be  retarded  afler  division  of  these  nerves^  but 
why  it  should  continue  at  all.  In  point  of  fiict,  the  respiratory 
movements,  though  diminished  in  frequency,  continue  often  for 
some  days  after  this  operation.  This  cannot  be  owing  to  force  of 
habit,  or  to  any  remains  of  nervous  influence,  as  has  been  some- 
times suggested,  since,  when  the  medulla  itself  is  destroyed,  respira- 
tion, as  we  know,  stops  instantaneously,  and  no  attempt  at  move- 
ment is  made  after  the  action  of  the  nervous  centre  is  suspended. 

It  is  evident,  therefore,  that  the  pneumogastric  nerve,  though  the 
chief  agent  by  which  the  respiratory  stimulus  is  conveyed  to  the 
medulla,  is  not  the  only  one.  The  lungs  are  undoubtedly  the 
organs  which  are  most  sensitive  to  an  accumulation  of  carbonic 
acid,  and  an  imperfect  arterialization  of  the  blood ;  and  the  sensa- 
tion which  results  from  such  an  accumulation  is  accordingly  first 
felt  in  them.  There  is  reason  to  believe,  however,  that  all  the  vas- 
cular organs  are  more  or  less  capable  of  originating  this  impression, 
and  that  all  the  sensitive  nerves  are  capable,  to  some  extent,  of  trans- 
mitting it.  Although  the  first  disagreeable  sensation,  on  holding 
the  breath,  makes  itself  felt  in  the  lungs,  yet,  if  we  persist  in  sus- 
pending the  respiration,  we  soon  become  conscious  that  the  feeling 
of  discomfort  spreads  to  other  parts ;  and  at  last,  when  the  accu- 
mulation of  carbonic  acid  and  the  impurity  of  the  blood  have 
become  excessive,  all  parts  of  the  body  suffer  alike,  and  are  per- 
vaded by  a  general  feeling  of  derangement  and  distress.    It  is  easy, 
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therefore,  to  understand  why  respiration  should  be  retarded,  after 
section  of  the  pneumogastrics,  since  the  chief  source  of  the  stimulus 
to  respiration  is  cut  off;  but  the  movements  still  go  on,  though  more 
slowly  than  before,  because  the  other  sensitive  nerves,  which  con- 
tinue to  act,  are  also  capable,  in  an  imperfect  manner,  of  conveying 
the  same  impression. 

The  immediate  cause  of  death,  after  this  operation,  is  no  doubt 
the  altered  condition  of  the  lungs.  These  organs  are  evidently 
very  imperfectly  filled  with  air,  for  some  time  previous  to  death ; 
and  their  condition,  as  shown  in  post-morUm  examination,  is  evi- 
dently incompatible  with  a  due  performance  of  the  respiratory 
function.  It  is  not  at  all  certain,  however,  that  these  alterations 
in  the  pulmonary  tissue  are  directly  dependent  on  division  of  the 
pneumogastric  nerves.  It  must  be  recollected  that  when  the  sec- 
tion of  the  pneumogastrics  is  performed  in  the  middle  of  the  neck, 
the  filaments  of  the  inferior  laryngeal  nerves  are  also  divided,  and 
the  narrowing  of  the  glottis,  produced  by  their  paralysis,  must 
necessarily  interfere  with  the  free  admission  of  air  into  the  chest. 
This  difficulty,  either  alone  or  combined  with  the  diminished  fre- 
quency of  respiration,  must  have  a  very  considerable  effect  in  im- 
peding the  pulmonary  circulation,  and  bringing  the  lungs  into  such 
a  condition  as  unfits  them  for  maintaining  life. 

In  order  to  ascertain  the  comparative  influence  upon  the  lungs 
of  division  of  the  inferior  laryngeals  and  that  of  the  other  filaments 
of  the  pneumogastrics,  we  have  resorted  to  the  following  experi- 
ment. 

Two  pups  were  taken,  belonging  to  the  same  litter  and  of  the 
same  size  and  vigor,  about  two  weeks  old.  In  one  of  them  (No.  1) 
the  pneumogastrics  were  divided  in  the  middle  of  the  neck ;  and 
in  the  other  (No.  2)  a  section  was  made  at  the  same  time  of  the 
inferior  laryngeals,  the  trunk  of  the  pneumogastrics  being  left  un- 
touched. For  the  first  few  seconds  after  the  operation,  there  was 
but  little  difference  in  the  condition  of  the  two  animals.  There  was 
the  same  obstruction  of  the  breath  (owing  to  closure  of  the  glottis), 
the  same  gasping  and  sucking  inspiration,  and  the  same  frothing  at 
the  mouth.  Very  soon,  however,  in  pup  No.  1,  the  respiratory 
movements  became  quiescent,  and  at  the  same  time  much  reduced 
in  frequency,  falling  to  ten,  eight,  and  five  respirations  per  minute, 
as  usual  after  section  of  the  pneumogastrics ;  while  in  No.  2  the 
respiration  continued  frequent  as  well  as  laborious,  and  the  general 
signs  of  agitation  and  discomfort  were  kept  up  for  one  or  two  hours. 


472  THE    CRANIAL   KERVKS. 

The  animal,  however,  after  that  time  became  exhausted,  cool,  and 
partially  insensible,  like  the  other.  They  both  died,  between  thirty 
and  forty  hours  after  the  operation.  On  post-mortem  inspection  it 
was  found  that  the  peculiar  congestion  and  solidification  of  the 
lungs,  considered  as  characteristic  of  division  of  the  pneumogastrics, 
existed  to  a  similar  extent  in  each  instance ;  and  the  only  appre- 
ciable difference  between  the  two  bodies  was  that  in  No.  1  the  blood 
was  coagulated,  and  the  abdominal  organs  natural,  while  in  No.  2 
the  blood  was  fluid  and  the  abdominal  organs  congested.  We  are 
led,  accordingly,  to  the  following  conclusions  with  regard  to  the 
effect  produced  by  division  of  this  nerve. 

1.  After  section  of  the  pneumogastrics,  death  takes  place  by  a  pecu- 
liar congestion  of  the  lungs. 

2.  This  congestion  is  not  directly  produced  by  division  of  the 
nerves,  but  is  caused  by  the  imperfect  admission  of  air  into  the 
chest. 

In  adult  dogs,  the  closure  of  the  glottis  from  paralysis  of  the 
laryngeal  muscles  is  less  complete  than  in  pups;  but  it  is  still 
sufficient  to  exert  a  very  decided  influence  on  respiration,  and  to 
take  an  active  part  in  the  production  of  the  subsequent  morbid 
phenomena. 

We  therefore  regard  the  death  which  takes  place  after  division 
of  both  pneumogastric  nerves,  as  produced  in  the  following  man- 
ner:— 

The  glottis  is  first  narrowed  by  paralysis  of  the  laryngeal  mus- 
cles, and  an  imperfect  supply  of  air  is  consequently  admitted,  by 
each  inspiration,  into  the  trachea.  Next,  the  stimulus  to  respiration 
being  very  much  diminished,  the  respiratory  movements  take  place 
less  frequently  than  usual.  From  these  two  causes  combined,  the 
blood  is  imperfectly  arterialized.  But  the  usual  consequence  of 
such  a  condition,  viz.,  an  increased  rapidity  of  the  respiratory 
movements,  does  not  follow.  The  imperfect  arterialization  of 
the  blood  does  not  excite  the  respiratory  muscles  to  increased 
activity  as  it  would  do  in  health,  owing  to  the  division  of  the  pneu- 
mogastrics. At  the  same  time,  the  accumulation  of  carbonic  acid 
in  the  blood  and  in  the  tissues  begins  to  exert  a  narcotic  effect^ 
diminishing  the  sensibility  of  the  nervous  centres,  and  tending  to 
retard  still  more  the  movements  of  respiration.  Thus  all  these 
causes  react  upon  and  aggravate  each  other ;  because  the  connec- 
tion, naturally  existing  between  imperfectly  arterialized  blood  and 
the  stimulus  to  respiration,  is  now  destroyed.     The  narcotism  and 
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pulmonaiy  engorgement,  therefore,  continue  to  increase,  until  the 
lungs  are  so  seriously  altered  and  engorged  that  they  are  no  longer 
capable  of  transmitting  the  blood,  and  circulation  and  respiration 
come  to  an  end  at  the  same  time. 

It  must  be  remembered,  also,  that  the  pneumogastric  nerve  has 
other  important  distributions,  beside  those  to  the  larynx  and  the 
lungs;  and  the  effect  produced  by  its  division  upon  these  other 
organs  has  no  doubt  a  certain  share  in  producing  the  results  which 
follow.  Bearing  in  mind  the  very  extensive  distribution  of  the 
pneumogastric  nerve  and  the  complicated  character  of  its  func- 
tions, we  may  conclude  that  after  section  of  this  nerve  death  takes 
place  from  a  combination  of  various  causes ;  the  most  active  of 
which  is  a  peculiar  engorgement  of  the  lungs  and  imperfect  per- 
formance of  the  respiratory  function. 

Stomach,  and  Digestive  Function. — After  division  of  the  pneumo- 
gastric nerves,  the  sensations  of  hunger  and  thirst  remain,  and  the 
secretion  of  gastric  juice  continues.  Nevertheless  the  digestive 
function  is  disturbed  in  various  ways,  though  not  altogether  abo- 
lished. The  appetite  is  more  or  less  diminished,  as  it  would  be 
after  any  serious  operation,  but  it  remains  sufficiently  active  to 
show  that  its  existence  is  not  directly  dependent  on  the  integrity  of 
the  pneumogastric  nerve.  Digestion,  however,  very  seldom  takes 
place,  to  any  considerable  extent,  owing  to  the  following  circum- 
stances :  The  animal  is  frequently  seen  to  take  food  and  drink  with 
considerable  avidity ;  but  in  a  few  moments  afterward  the  food  and 
drink  are  suddenly  rejected  by  a  peculiar  kind  of  regurgitation. 
This  regurgitation  does  not  resemble  the  act  of  vomiting,  but  the 
substances  swallowed  are  again  discharged  so  easily  and  instan 
taneously  as  to  lead  to  the  belief  that  they  had  never  passed  into 
the  stomach.  Such,  indeed,  is  actually  the  case,  as  any  one  may 
convince  himself  by  watching  the  process,  which  is  often  repeated 
by  the  animal  at  short  intervals.  The  food  and  drink,  taken  volun- 
tarily, pass  down  into  the  oesophagus,  but  owing  to  the  paralysis  of 
the  muscular  fibres  of  this  canal,  are  not  conveyed  into  the  stomach. 
They  accumulate  consequently  in  the  lower  and  middle  part  of  the  > 
oesophagus ;  and  in  a  few  moments  are  rejected  by  a  sudden  anti- 
staltic  action  of  the  parts,  excited,  apparently,  through  the  influence 
of  the  great  sympathetic. 

The  muscular  coat  of  the  stomach  is  also  paralyzed  to  a  con- 
siderable extent  by  section  of  this  nerve.  Longet  has  shown,  by 
introducing  food  artificially  into  the  stomach,  that  gastric  juice 
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may  be  secreted  and  the  food  be  actually  digested  and  disappear, 
when  introduced  in  small  quantity.  But  when  introduced  in  large 
quantity,  it  remains  undigested,  and  is  found  after  death,  with  the 
exterior  of  the  mass  softened  and  permeated  by  gastric  juice,  while 
the  central  portions  are  unaltered,  and  do  not  even  seem  to  have 
come  in  contact  with  the  digestive  fluid.  This  is  undoubtedly 
owing  both  to  the  diminished  sensibility  of  the  mucous  membrane 
of  the  stomach,  and  to  the  paralysis  of  its  muscular  fibres.  The 
peristaltic  action  of  the  organ  is  very  important  in  digestion,  in 
order  to  bring  successive  portions  of  the  food  in  contact  with  its 
mucous  membrane,  and  to  carry  away  such  as  are  already  softened 
or  as  are  not  capable  of  being  digested  in  the  stomach.  This 
'  constant  movement  and  agitation  of  the  food  is  probably  also  one 
great  stimulus  to  the  continued  secretion  of  the  gastric  juice.  The 
digestive  fluid  will  therefore  be  deficient  in  quantity  aft«r  division 
of  the  pneumogastric  nerve,  at  the  same  time  that  the  peristaltic 
movements  of  the  stomach  are  suspended.  Under  these  circum- 
stances, the  secretion  of  gastric  juice  may  be  sufficient  to  permeate 
and  digest  small  quantities  of  food,  while  a  larger  mass  may  resist 
its  action,  and  remain  undigested.  The  effect  produced  by  division 
of  these  nerves  on  the  digestive,  as  on  the  respiratory  organs,  is 
therefore  of  a  complicated  character,  and  results  from  the  combined 
action  of  several  different  causes,  which  influence  and  modify  each 
other. 

The  effect  produced  upon  the  liver  by  section  of  the  pneumo- 
gastrics,  as  well  as  the  influence  usually  exerted  by  these  nerves 
upon  the  hepatic  functions,  has  been  so  little  studied  that  nothing 
definite  has  been  ascertained  in  regard  to  it.  We  shall  therefore 
pass  over  this  portion  of  the  subject  in  silence. 

Spinal  Accessory. — This  nerve  originates,  by  many  filaments, 
from  the  side  of  the  medulla  oblongata,  below  the  level  of  the 
pneumogastric,  and  also  from  the  lateral  portions  of  the  spinal  cord, 
between  the  anterior  and  posterior  roots  of  the  upper  five  or  six 
cervical  nerves.  These  fibres  of  spinal  origin  pass  upward,  uniting 
into  a  slender  rounded  filament,  which  enters  the  cavity  of  the 
cranium  by  the  foramen  magnum,  and  is  then  joined  by  the  fibres 
which  originate  from  the  medulla  oblongata.  The  spinal  accessory 
nerve,  thus  constituted,  passes  out  from  the  cavity  of  the  skull  by 
the  posterior  foramen  lacerum,  in  company  with  the  glosso-pharyn- 
geal  and  pneumogastric  nerves.    Immediately  afterward  it  divides 
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into  two  principal  branches:  First  the  internal  or  anastomotic 
branch,  which  joins  the  pneumogastric  nerve,  and  becomes  mingled 
with  its  fibres;  and,  secondly,  the  external  or  muscular  branch, 
which  passes  downward  and  outward,  and  is  distributed  to  the 
sterno-mastoid  and  trapezius  muscles. 

The  spinal  accessory  is  essentially  a  motor  nerve.  It  has  been 
found,  both  by  Bernard  and  Longet,  to  be  insensible  at  its  origin, 
like  the  anterior  roots  of  the  spinal  nerves ;  but  if  irritated  after 
its  exit  from  the  skull,  it  gives  signs  of  sensibility.  This  sensibi-  j 
lity  it  acquires  from  the  filaments  of  inosculation  which  it  receives 
from  the  anterior  branches  of  the  first  and  second  cervical  nerves. 
Though  its  external  branch,  accordingly,  is  exclusively  distributed 
to  muscles,  as  we  have  already  seen,  this  branch  contains  some  sensi- 
tive fibres,  which  have  the  same  destination.  The  reason  for  this 
anatomical  fact,  viz.,  that  motor  nerves  are  supplied  during  their. 
course  with  sensitive  fibres,  becomes  evident  when  we  reflect  that  the 
muscles  themselves  possess  a  certain  degree  of  sensibility,  though 
less  acute  than  that  which  belongs  to  the  skin.  The  sensibility  of 
the  muscles  is  undoubtedly  essential  to  the  perfect  performance  of 
their  function ;  and  as  the  motor  nerves  are  incapable,  by  them- 
selves, of  transmitting  sensitive  impressions,  they  are  joined,  soon 
after  their  origin,  by  other  filaments  which  communicate  to  them 
this  necessary  power. 

The  most  important  result  which  has  been  obtained  by  experi- 
ment upon  the  spinal  accessory  nerve,  is  that  its  internal  or  anasto- 
motic branch  is  directly  connected  vnth  the  vocal  movements  of  the 
glottis.  It  has  been  found  by  Bischofi^,  by  Longet,  and  by  Bernard, 
that  if  the  spinal  accessory  nerves  on  both  sides,  or  their  branches 
of  inosculation  with  the  pneumogastric,  be  divided  or  lacerated, 
the  pneumogastric  nerves  themselves  being  left  entire,  the  voice  is 
instantly  lost,  and  the  animal  becomes  incapable  of  making  a  vocal 
sound.  We  have  also  found  this  result  to  follow,  in  the  cat,  after 
the  spinal  accessory  nerves  have  been  torn  out  by  their  roots, 
through  the  jugular  foramen.  The  animal,  after  this  operation,  can 
no  longer  make  an  audible  sound.  At  the  same  time  the  respira- 
tory movements  of  the  glottis  go  on  undisturbed,  and  most  of  the 
other  animal  functions  remain  unaffected. 

The  fibres  of  communication,  therefore,  derived  from  the  spinal 
accessory,  pass  to  the  pneumogastric  nerve  and  become  entangled 
with  its  other  filaments,  so  that  they  can  no  longer  be  traced  by 
anatomical  dissection.    They  pass  downward,  however,  and  become 
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a  part  of  the  motor  fibres  of  the  inferior  laryngeal  or  recurrent 
branches  of  the  pneumogastric ;  being  finally  distributed  to  the 
muscles  of  the  larynx,  which  they  supply  with  those  nervous  influ- 
ences which  are  required  for  the  formation  of  the  voice. 

The  special  function  of  the  external  or  muscular  branch  of  the 
spinal  accessory  is  not  so  fully  understood.  This  branch,  as  we 
have  seen,  is  distributed  to  the  stemo-mastoid  and  trapezius  mus- 
cles. But  these  muscles  also  receive  filaments  from  the  cervical 
spinal  nerves ;  and,  accordingly,  they  still  retain  the  power  of  mo- 
tion, to  a  certain  degree,  after  the  external  branches  of  the  spinal 
accessory  have  been  divided  on  both  sides. 

The  spinal  accessory  is,  accordingly,  a  nerve  of  very  peculiar 
distribution.  For  it  partly  supplies  motor  fibres  to  the  pneumo- 
gastric nerve,  and  is  partly  distributed  to  two  muscles,  both  of 
which  also  receive  motor  nerves  from  another  source.  Sir  Charles 
Bell,  noticing  the  close  connection  between  this  nerve  and  the 
pneumogastric,  regarded  the  two  as  associated  also  in  their  func- 
tion, as  nerves  of  respiration.  He  considered,  therefore,  the  exter- 
nal branch  of  the  spinal  accessory  as  destined  to  assist  in  the 
movements  of  respiration,  when  these  movements  become  unusu- 
ally laborious,  by  bringing  into  play  the  stemo-mastoid  and  trape- 
zius muscles,  in  aid  of  the  action  of  the  intercostals.  He  therefore 
called  this  nerve  the  "  superior  respiratory  nerve." 

But  the  most  satisfactory  explanation  of  this  peculiarity  is  that 
proposed  by  M.  Bernard.  According  to  this  explanation,  whenever 
a  muscle,  or  set  of  muscles,  derive  their  nervous  influence  from  two 
different  sources,  this  is  not  for  the  purpose  of  assisting  them  in  the 
performance  of  the  same  function,  but  of  enabling  them  to  perform 
two  different  functions.  We  have  seen  this  already  exemplified  in 
the  muscles  of  the  larynx.  For  these  muscles  perform  certain 
movements  of  respiration  for  which  they  receive  indirectly  filaments 
from  the  facial  hypoglossal,  and  cervical  nerves.  But  they  also 
perform  the  movements  necessary  to  the  formation  of  the  voice,  the 
nervous  stimulus  for  which  is  derived  altogether  from  the  spinal 
accessory. 

The  internal  branch  of  the  spinal  accessory,  accordingly,  excites, 
in  the  parts  to  which  it  is  distributed  a  function  which  is  incompa- 
tible with  respiration.  For  tlie  movements  of  respiration  cannot 
:  go  on  while  the  voice  is  sounded;  and  a  necessary  preliminary 
.  to  the  production  of  a  vocal  sound,  is  the  temporary  stoppage  of 
respiration.    The  movements  of  respiration,   therefore,  and  the 
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movements  of  the  voice  alternate  with  each  other,  but  are  never^ 
simultaneous ;  so  that  the  internal  branch  of  the  spinal  accessory  is 
antagonistic  to  the  motor  fibres  of  the  larynx  derived  from  otherj 
nerves. 

It  is  thought  by  M.  Bernard,  that  the  fibres  of  the  external 
branch  of  the  spinal  accessory  have  also  a  function  which  is  anta- 
gonistic to  respiration.  For  respiration  is  naturally  suspended  in 
all  steady  and  prolonged  muscular  efforts.  In  these  efforts,  such  as 
those  of  straining,  lifting,  and  the  like,  the  movements  of  respira- 
tion cease,  the  spinal  column  is  made  rigid  by  the  contraction  of 
its  muscles,  and  the  head  and  neck  are  placed  in  a  fixed  position, 
principally  by  the  contraction  of  the  sterno-mastoid  and  trapezius 
muscles.  The  function  of  the  spinal  accessory,  in  both  its  branches, 
is  therefore  regarded  as  destined  to  excite  movements  which  are 
incompatible  with  those  of  respiration ;  and  which  accordingly  come 
into  play  only  when  the  ordinary  movements  of  respiration  have 
been  temporarily  suspended. 

Hypoglossal. — The  hypoglossal  nerve  originates  from  the  ante- 
rior and  lateral  portions  of  the  medulla  oblongata,  and  passing  out 
by  the  anterior  condyloid  foramen,  is  distributed  exclusively  to  the 
muscles  of  the  tongue.  Irritation  of  its  fibres  in  any  part  of  their 
course  produces  convulsive  twitching  in  this  organ.  Its  section 
paralyzes  completely  the  movements  of  the  tongue,  without  affect- 
ing directly  the  sensibility  of  its  mucous  membrane.  This  nerve, 
accordingly,  is  the  motor  nerve  of  the  tongue.  K  irritated  at  its 
origin,  the  hypoglossal  nerve,  according  to  the  experiments  of 
Longet,  is  entirely  insensible ;  but  if  the  irritation  be  applied  in  the 
middle  of  its  course,  signs  of  pain  are  immediately  manifested.  Its 
sensibility,  like  that  of  the  facial,  is  consequently  .derived  from  its 
inosculation  with  other  sensitive  nerves,  after  its  emergence  from 
the  skull. 
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CHAPTER    VI. 


THE  SPECIAL  SENSES. 


General  and  Special  Sensibility. — We  have  already  seen 
tbat  there  exists,  in  the  general  integument,  a  power  of  sensation,  by 
which  we  are  made  acquainted  with  surrounding  objects  and  some 
of  their  most  important  physical  qualities.  By  this  power  we  feel 
the  sensations  of  heat  and  cold,  and  are  enabled  to  distinguish 
between  hard  and  soft  substances,  rough  bodies  and  smooth,  solids 
and  liquids.  This  kind  of  power  is  termed  General  SensibiUty, 
because  it  resides  in  the  general  integument,  and  because  by  its 
aid  we  obtain  information  with  regard  to  the  simplest  and  most 
material  properties  of  external  objects. 

The  general  sensibility,  thus  existing  in  the  integument^  is  an 
endowment  of  the  sensitive  nerves  derived  from  the  cerebro-spinal 
system.  These  nerves  ramify  in  the  substance  of  the  skin,  and  by 
subsequent  inosculation  form  a  minute  plexus  in  the  superficial 
portions  of  the  tissue  of  the  corium.  From  this  plexus,  the  ulti- 
mate filaments,  reduced  to  an  exceedingly  minute  size,  pass  up- 
ward into  the  conical  papillae  with  which  the  free  surface  of  the 
corium  is  covered.  In  the  papillae  the  nervous  filaments  terminate, 
sometimes  by  loops  returning  upon  themselves,  and  sometimes  ap- 
parently by  free  extremities.  The  papillae  are  also  supplied  with 
looped  capillary  bloodvessels,  and  are  capable  of  receiving  an 
abundant  vascular  injection. 

These  papillae  appear  to  be  the  most  essential  organs  of  general 
sensation,  since  the  sensibility  of  the  skin  is  most  acute  where  they 
are  most  abundant  and  most  highly  developed,  as,  for  example,  on 
the  palm  of  the  hand  and  the  tips  of  the  fingers. 

The  best  method  of  measuring  accurately  the  sensibility  of  dif- 
ferent regions  is  that  adopted  by  Professors  Weber  and  Valentin. 
They  applied  the  rounded  points  of  a  pair  of  compasses  to  the 
integument  of  diflferent  parts,  and  found  that  if  they  were  held 
very  near  together  they  could  no  longer  be  distinguished  as  sepa- 
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rate  points,  but  the  two  sensations  were  confounded  into  one.  The 
distance,  however,  at  which  the  two  points  failed  to  be  distinguished 
from  each  other,  was  much  shorter  for  some  parts  of  the  body 
than  for  others.  Prof.  Valentin's  measurements,^  which  are  the 
most  varied  and  complete,  give  the  following  as  the  limits  of  dis- 
tinct perception  in  various  parts : — 

Paiub  Lnrs. 

At  the  tip  of  tongue .483 

"  palmar  surface  of  tipn  of  fingers      ....  .723 

^  ^        **        of  second  phalanges        .        .        .  1.658 

''  **        **        of  first  phalanges    ....  1.650 

'*     dorsum  of  tongue 2.500 

*'     dorsal  surface  of  fingers 3.900 

**     cheek 4.541 

**     back  of  hand 6.966 

'*     skin  of  throat 8.292 

**     dorsum  of  foot 12.525 

"     skin  over  sternum 15.875 

**     middle  of  back 24.208 

This  method  cannot,  of  course,  give  the  absolute  measure  of  the 
acuUness  of  sensibility  in  the  different  regions,  since  the  two  points 
might  be  less  easily  distinguished  from  each  other  in  any  one  re- 
gion, and  yet  the  absolute  amount  of  sensation  produced  might  be 
as  great  as  in  the  surrounding  parts ;  still  it  is  undoubtedly  a  very 
accurate  measure  of  the  delicacy  of  tactile  sensation,  by  which  we 
are  enabled  to  distinguish  slight  inequalities  in  the  surface  of  solid 
bodies.  We  find,  furthermore,  that  certain  parts  of  the  body  are 
particularly  well  adapted  to  exercise  the  ftinction  of  general  sen- 
sation, not  only  on  account  of  the  acute  sensibility  of  their  integu- 
ment, but  also  owing  to  their  peculiar  formation.  Thus,  in  man, 
the  hands  are  especially  well  formed  in  this  respect,  owing  to  the 
articulation  and  mobility  of  the  fingers,  by  which  they  may  be 
adapted  to  the  surface  of  solid  bodies,  and  brought  successively 
in  contact  with  all  their  irregularities  and  depressions.  The  hands 
are  therefore  more  especially  used  as  organs  of  touch,  and  we  are 
thus  enabled  to  obtain  by  their  aid  the  most  delicate  and  precise 
information  as  to  the  texture,  consistency,  configuration,  &c.,  of 
foreign  bodies. 

But  the  hands  are  not  the  exclusive  organs  of  touch,  even  in  the 
human  subject,  and  in  some  of  the  lower  animals,  the  same  func- 

»  In  Todd's  Cyclopjedia  of  Anatomy  and  Physiology,  vol.  iv.,  article  on  Touch, 
by  Dr.  Carpenter. 
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tion  is  fully  performed  by  various  other  parts  of  the  body.  Thus 
in  the  cat  and  in  the  seal,  the  long  bristles  seated  upon  the  lips  are 
used  for  this  purpose,  each  bristle  being  connected  at  its  base  with 
a  highly  developed  nervous  papilla :  in  some  of  the  monkeys  the 
extremity  of  the  prehensile  tail,  and  in  the  elephant  the  end  of  the 
nose,  which  is  developed  into  a  flexible  and  sensitive  proboscis,  is 
employed  as  an  organ  of  touch.  This  function,  therefore,  may  be 
performed  by  either  one  part  of  the  body  or  another,  provided  the 
accessory  organs  be  developed  in  a  favorable  manner. 

About  the  head  and  face,  the  sensibility  of  the  skin  is  dependent 
mainly  upon  branches  of  the  fifth  pair.  In  the  neck,  trunk,  and 
extremities  it  is  due  to  the  sensitive  fibres  of  the  cervical,  dorsal, 
and  lumbar  spinal  nerves.  It  exists  also,  to  a  considerable  extent, 
in  the  mucous  membranes  of  the  mouth  and  nose,  and  of  the  pas- 
sages leading  from  them  to  the  interior  of  the  body.  In  these 
situations,  it  depends  upon  the  sensitive  filaments  of  certain  of  the 
cranial  nerves,  viz.,  the  fifth  pair,  the  glosso-pharyngeal,  and  the 
pneumogastric.  The  sensibility  of  the  mucous  membranes  is  most 
acute  in  those  parts  supplied  by  branches  of  the  fifth  pair,  viz.,  the 
conjunctiva,  anterior  part  of  the  nares,  inside  of  the  lips  and  cheeks, 
and  the  anterior  two-thirds  of  the  tongue.  At  the  base  of  the 
tongue  and  in  the  fauces,  where  the  mucous  membrane  is  supplied 
by  filaments  of  the  glosso-pharyngeal  nerve,  the  general  sensibility 
is  less  perfect;  and  finally  it  diminishes  rapidly  from  the  upper 
part  of  the  oesophagus  and  the  glottis  toward  the  stomach  and  the 
lungs.  Thus,  we  can  appreciate  the  temperature  and  consistency 
of  a  foreign  substance  very  readily  in  the  mouth  and  fauces,  but 
these  qualities  are  less  distinctly  perceived  in  the  oesophagus,  and 
not  at  all  in  the  stomach,  unless  the  foreign  body  happen  to  be 
excessively  hot  or  cold,  or  unusually  hard  and  angular  in  shape. 
The  general  sensibility,  which  is  resident  in  the  skin  and  in  a  certain 
portion  of  the  mucous  membranes,  diminishes  in  degree  from  with- 
out inward,  and  disappears  altogether  in  those  organs  which  are 
not  supplied  with  nerves  from  the  cerebro-spinal  system. 

It  is  particularly  to  be  observed,  however,  that  while  the  general 
sensibility  of  the  skin,  and  of  the  mucous  membranes  above  men- 
tioned, varies  in  acuteness  in  different  parts  of  the  body,  it  is  every- 
where the  same  in  kind.  The  tactile  sensations,  produced  by  the 
contact  of  a  foreign  body,  are  of  precisely  the  same  nature  whether 
they  be  felt  by  the  tips  of  the  fingers,  the  dorsal  or  palmar  surfaces 
of  the  hands,  the  lips,  cheeks,  or  any  other  part  of  the  integument. 
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The  only  difference  in  the  sensibility  of  these  parts  lies  in  the  de-  I 
gree  of  its  development  ' 

But  there  are  certain  other  sensations  which  are  different  in  kind 
from  those  perceived  by  the  general  integument,  and  which,  owing 
to  their  peculiar  and  special  character,  are  termed  special  senHUiam, 
Such  are,  for  example,  the  sensation  of  light,  the  sensation  of  sound, 
the  sensation  of  savor,  and  the  sensation  of  odors.  The  special 
sensibility  which  enables  us  to  feel  the  impressions  derived  from 
these  sources  is  not  distributed  over  the  body,  like  ordinary  sensi- 
bility, but  is  localized  in  distinct  organs,  each  of  which  is  so  con- 
stituted as  to  receive  the  special  sensation  peculiar  to  it,  and  no 
other. 

Thus  we  have,  beside  the  general  sensibility  of  the  skin  and 
mucous  membranes,  certain  peculiar  faculties  or  spBcial  senses,  as 
they  are  called,  which  enable  us  to  derive  information  from  ex- 
ternal objects,  which  we  could  not  possibly  obtain  by  any  other 
means.  Thus  light,  however  intense,  produces  no  perceptible  sen- 
sation when  allowed  to  fall  upon  the  skin,  but  only  when  admitted 
to  the  eye.  The  sensation  of  sound  is  perceptible  only  by  the 
ear,  and  that  of  odors  only  by  the  olfactory  membrane.  These 
different  sensations,  therefore,  are  not  merely  exaggerations  of 
ordinary  sensibility,  but  are  each  distinct  and  peculiar  in  their 
nature,  and  are  in  relation  with  distinct  properties  of  external 
objects. 

In  examining  the  organs  of  special  sense,  we  shall  find  that  they 
each  consist — First,  of  a  nerve,  endowed  with  the  special  sensibility 
required  for  the  exercise  of  its  peculiar  function ;  and.  Secondly,  of 
certain  accessory  parts,  forming  an  apparatus  more  or  less  compli- 
cated, which  is  intended  to  assist  in  its  performance  and  render  it 
more  delicate  and  complete.  We  shall  take  up  the  consideration 
of  the  special  senses  in  the  following  order.  First,  the  sense  of 
Taste ;  second,  that  of  Smell ;  third,  that  of  Sight ;  and  fourth,  that 
of  Hearing. 

Taste. — We  begin  the  study  of  the  special  senses  with  that  of  j 
Taste,  because  this  sense  is  less  peculiar  than  any  of  the  others,  and 
differs  less,  both  in  its  nature  and  its  conditions,  from  the  ordinary 
sensibility  of  the  skin.  In  the  first  place,  the  organ  of  taste  is  no 
other  than  a  portion  of  the  mucous  membrane,  beset  with  vascular 
and  nervous  papillae,  similar  to  those  of  the  general  integument  \ 
81 
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Secondly^  it  gives  us  impressions  of  sach  substances  only  as  are 
actually  in  contact  with  sensitive  surfEu^es,  and  can  establish  no 
communication  with  objects  at  a  distance.    Thirdly,  the  surfaces 
which  exercise  the  sense  of  taste  are  also  endowed  with  general  sen- 
sibility;  and  Fourthly,  there  is  no  one  special  and  distinct  nerve 
of  taste^  but  this  property  resides  in  portions  of  two  different 
nerves^  viz.,  the  fifth  pair  and  the  glosso-pharyngeal ;  nerves  which 
also  supply  general  sensibility  to  the  mouth  and  surrounding  parts. 
The  sense  of  taste  is  localized  in  the  mucous  membrane  of  the 
tongue,  the  soft  palate,  and  the  fauces.    The  tongue,  which  is  more 
,  particularly  the  seat  of  this  sense,  is  a  flattened,  leaf-like,  muscular 
I  organ,  attached  to  the  inner  surface  of  the  symphysis  of  the  lower 
>  jaw  in  fronts  and  to  the  os  hyoides  behind.    It  has  a  vertical  sheet 
•  or  lamina  of  fibrous  tissue  in  the  median  line,  which  serves  as  a 
framework,  and  is  provided  with   an  abundance  of  longitudinal 
transverse  and  radiating  muscular  fibres,  by  which  it  can  be  elon- 
gated, retracted,  and  moved  about  in  every  direction. 

The  mucous  membrane  of  the  fauces  and  posterior  third  of  the 
tongue,  like  that  lining  the  cavity  of  the  mouth,  is  covered  with 
minute  vascular  papillae,  similar  to  those  of  the  skin,  which  are, 
however,  imbedded  and  concealed  in  the  smooth  layer  of  epithe- 
lium forming  the  surface  of  the  organ.  But  about  the  junction  of 
its  posterior  and  middle  thirds,  there  is,  upon  the  dorsum  of  the 
tongue,  a  double  row  of  rounded  eminences,  arranged  in  a  V-shaped 
figure,  running  forward  and  outward,  on  each  side,  from  the  situa- 
tion of  the  foramen  csBCum ;  and,  from  this  point  forward,  the  upper 
surface  of  the  organ  is  everywhere  covered  with  an  abundance  of 
thickly-set,  highly  developed  papillae,  projecting  from  its  surface, 
and  readily  visible  to  the  naked  eye. 

These  lingual  papillae  are  naturally  divided  into  three  different 
sets  or  kinds.    First,  the  Jili/orm  papilke,  which  are  the  most  nume- 
rous, and  which  cover  most  uniformly  the  upper  surface  of  the 
organ.    They  are  long  and  slender,  and  are  covered  with  a  some- 
what horny  epithelium,  usually  prolonged  at  their  free  extremity 
into  a  filamentous  tuft.    At  the  edges  of  the  tongue  these  papillae 
are  often  united  into  parallel  ranges  or  ridges  of  the  raucous  mem- 
brane.   Secondly,  the  fungi/arm  papillae.    These  are  thicker  and 
larger  than  the  others,  of  a  rounded  club-shaped  figure,  and  covered 
iikaofi;^  permeable  epithelium.    They  are  most  abundant  at  the 
oi  the  tongue,  but  may  be  seen  elsewhere  on  the  surface  of  the 
^  scattered  among  the  filiform  papillae.    Thirdly,  the  circum- 
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nllate  papillx.     These  are  the  rounded  eminences  which  form  the 

■  "V -shaped  figure  near  the  situation  of  the  foramen  ctecum.     They 

■  are  eight  or  ten  in  number.     Each  one  of  them  is  surrounded  by 
jular  wall,  or  circumvallation,  of  mucous  membrane,  which 

gives  to  them  their  distinguishing  appellation.  The  circumTalla- 
tion,  as  well  as  the  central  eminence,  has  a  structure  simitar  to  that 
of  the  fungiform  papillfe. 

The  sensitive  nerves  of  the  tongue,  as  we  have  already  seen,  are 
two  in  number,  viz,,  the  lingual  branch  of  the  fifth  pair,  and  the 
lingual  portion  of  the  glosso- pharyngeal.  The  lingual  branch  of 
the  fifth  pair  enters  the  tongue  at  the  anterior  border  of  the  hyo- 
glos.sua  muscle,  and  its  fibres  then  run  through  the  muscular  tissue 
of  the  organ,  from  below  upward  and  from  behind  forward,  with- 
out any  ultimate  distribution,  until  they  reach  the  mucous  mem- 
brane. The  nervous  filaments  then  penetrate  into  the  lingual 
papillffi,  where  they  finally  terminate.  The  exact  mode  of  their 
termination  is  not  positively  known.  According  to  Kolliker,  they 
sometimes  seem  to  end  in  loops,  and  sometimea  by  free  extremities. 

The  lingual  portion  of  the  glosso-pharyngeal  nerve  passes  into 
the  tongue  below  the  posterior  border  of  the  hyo-gloasus  muscle. 
It  then  divides  into  various  branches,  which  pass  through  the  mus- 
cular tissue,  and  are  finally  distributed  to  the  raucous  membrane  of 
the  base  and  sides  of  the  organ. 


The  mucous  membrane  of  the  base  of  the  tongue,  of  its  edges, 
nod  its  under  surface  near  the  tip.  as  well  as  the  mucous  membrane 
of  the  mouth  and  fauces  generally,  is  also  supplied  with  mucous 
follicles,  which  furnish  a  viscid  secretion  by  which  the  free  surface 
of  the  parts  is  lubricated. 
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Finally,  the  muscles  of  the  toDgae,  it  will  be  remembered,  are 
animated  exclusively  by  the  filaments  of  the  hypoglossal  nenre. 

The  exact  seat  of  the  sense  of  taste  has  been  determined  by 
placing  in  contact  with  di£Eerent  parts  of  the  mucous  membrane  a 
small  sponge,  moistened  with  a  solution  of  some  sweet  or  bitter 
substance.  The  experiments  of  Yemi^  Longet  and  others  have 
shown  that  the  sense  of  taste  resides  in  the  whole  superior  sur&ce^ 
the  point  and  edges  of  the  tongue,  the  soft  palate,  fauces^  and  part 
of  the  pharynx.  The  base,  tip,  and  edges  of  the  tongue  seem  to 
possess  the  most  acute  sensibility  to  savors,  the  middle  portion  of 
its  dorsum  less  of  this  sensibility,  and  its  inferior  surfaces  little  or 
none.  Now  as  the  whole  anterior  part  of  the  organ  is  supplied  by 
the  lingual  branch  of  the  fifth  pair  alone,  and  the  whole  of  its 
posterior  portion  by  the  glosso-pharyngeal,  it  follows  that  the  sense 
of  taste,  in  these  different  parts,  is  derived  from  these  two  different 
nerves. 

Furthermore,  the  tongue  is  supplied,  at  the  same  time  and  hy  the 
same  nerves^  with  general  sensibility  and  with  Vie  special  stfisibility  of 
taste.  The  general  sensibility  of  the  anterior  portion  of  the  tongue, 
and  that  of  the  branch  of  the  fifth  pair  with  which  it  is  supplied, 
are  sufficiently  well  known.  Section  of  the  fifth  pair  destroys  the 
sensibility  of  this  part  of  the  tongue  as  well  as  that  of  the  rest  of 
the  £Etce.  Longet  has  found  that  after  the  lingual  branch  of  this 
nerve  has  been  divided,  the  mucous  membrane  of  the  anterior  two- 
thirds  of  the  tongue  may  be  cauterized  with  a  hot  iron  or  with 
caustic  potassa,  in  the  living  animal,  without  producing  any  sign  of 
pain.  Dr.  John  Reid,  on  the  other  hand,  together  with  other  experi- 
menters, has  determined  that  ordinary  sensibility  exists  in  a  marked 
degree  in  the  glosso-pharyngeal,  and  is  supplied  by  it  to  the  parts 
to  which  this  nerve  is  distributed. 

Accordingly  we  must  distinguish,  in  the  impressions  produced 
by  foreign  substances  taken  into  the  mouth,  between  the  special 
impressions  derived  from  their  sapid  qtAalities,  and  the  general  sensa- 
tions produced  by  their  ordinary  physical  properties.  As  the  tongue  is 
exceedingly  sensitive  to  ordinary  impressions,  and  as  the  same  body 
is  often  capable  of  exciting  both  the  tactile  and  gustatory  functions, 
these  two  properties  are  sometimes  liable  to  be  confounded  with 
each  other  by  careless  observation.  The  truly  sapid  qualities, 
however,  the  only  ones,  properly  speaking,  which  we  perceive  by 
the  sense  of  taste,  are  such  savors  as  we  designate  by  the  term 
sweet,  bitter^  salt,  sour,  alkaline,  and  the  like.    But  there  are  many 
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Other  properties,  belonging  to  various  articles  of  food,  which  belong 
really  to  the  class  of  ordinary  physical  qualities  and  are  appre- 
ciated by  the  ordinary  sensibility  of  the  tongue,  though  we  usually 
speak  of  them  as  being  perceived  by  the  taste.  Thus  a  starchy, 
viacidy  watery,  or  oleaginous  taste  is  merely  a  certain  variety  of  con- 
sistency in  the  substance  tasted,  which  may  exist  either  alone  or  in 
connection  with  real  savors,  but  which  is  exclusively  perceived  by 
means  of  the  general  sensibility.  So  also  with  a  pungent  or  burning 
taste,  such  as  that  of  red  pepper  or  any  other  irritating  powder. 
The  quality  of  piquancy  in  the  preparation  of  artificial  kinds  of 
food  is  always  communicated  to  them  by  the  addition  of  some  such 
irritating  substance.  The  styptic  taste  seems  to  be  a  combination  of 
an  ordinary  irritant  or  astringent  effect  with  a  peculiar  taste,  which 
we  always  associate  with  the  former  quality  in  astringent  sub- 
stances. 

There  is  also  sometimes  a  liability  to  confound  the  real  taste  of 
certain  substances  with  their  odorous  properties,  or  flavors.  Thus 
in  most  aromatic  articles  of  food,  such  as  tea  and  coffee,  and  in 
various  kinds  of  wine,  a  great  part  of  what  we  call  the  taste  is  in 
reality  due  to  the  aroma,  or  smell  which  reaches  the  nares  during 
the  act  of  swallowing.  Even  in  many  solid  kinds  of  food,  such  as 
freshly  cooked  meats,  the  odor  produces  a  very  important  part  of 
their  effect  on  the  senses.  We  can  easily  convince  ourselves  of  this 
by  holding  the  nose  while  swallowing  such  substances,  or  by  recol- 
lecting how  much  a  common  catarrh  interferes  with  our  perception 
of  their  taste. 

The  most  important  conditions  of  the  sense  of  taste  are  the  fol- 
lowing : — 

In  the  first  place,  the  sapid  substance,  in  order  that  its  taste  may 
be  perceived,  must  be  brought  in  contact  with  the  mucous  mem- 
brane of  the  mouth  in  a  state  of  solution.  So  long  as  it  remains 
solid,  however  marked  a  savor  it  may  possess,  it  gives  no  other 
impression  than  that  of  any  foreign  body  in  contact  with  the  sensi- 
tive surfaces.  But  if  it  be  applied  in  a  liquid  form,  it  is  then  spread 
over  the  surface  of  the  mucous  membrane,  and  its  taste  is  imme- 
diately perceived.  Thus  it  is  only  the  liquid  and  soluble  portions 
of  our  food  which  are  tasted,  such  as  the  animal  and  vegetable 
juices  and  the  soluble  salts.  Saline  substances  which  are  insoluble, 
such  as  calomel  or  carbonate  of  lead,  when  applied  to  the  tongue, 
produce  no  gustatory  sensation  whatever. 

The  mechanism  of  the  sense  of  taste  is,  tiierefore,  in  all  proba- 
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bilitj,  a  direct  and  simple  one.  The  sapid  substances  in  solution 
penetrate  the  lingual  papillae  bj  endosmosis,  and,  coming  in  actual 
contact  with  the  terminal  nervous  filaments^  excite  their  sensibility 
by  uniting  with  their  substance.  We  have  already  seen  that  the 
rapidity  with  which  endosmosis  will  take  place  under  certain  con- 
ditions is  sufficiently  great  to  account  for  the  almost  instantaneous 
perception  of  the  taste  of  sapid  substances  when  introduced  into  the 
month. 

It  is  on  this  account  that  a  free  secretion  of  the  salivary  fluids  is 
so  essential  to  the  full  performance  of  the  gustatory  function.  If 
the  mouth  be  dry  and  parched,  our  food  seems  to  have  lost  its  taste ; 
but  when  the  saliva  is  freely  secreted,  it  is  readily  mixed  with  the 
food  in  mastication,  and  assists  in  the  solution  of  its  sapid  ingredi- 
ents ;  and  the  fluids  of  the  mouth,  thus  impregnated  with  the  savory 
substances,  are  absorbed  by  the  mucous  membrane,  and  excite  the 
gustatory  nerves.  An  important  part,  also,  is  taken  in  this  process 
by  the  movements  of  the  tongue ;  for  by  these  movements  the  food 
is  carried  from  one  part  of  the  mouth  to  another,  pressed  against 
the  hard  palate,  the  gums,  and  the  cheeks,  its  solution  assisted,  and 
the  penetration  of  the  fluids  into  the  substance  of  the  papillse  more 
rapidly  accomplished.  If  a  little  powdered  sugar,  or  some  vege- 
table extract  be  simply  placed  upon  the  dorsum  of  the  tongue,  but 
little  effect  is  produced ;  but  as  soon  as  it  is  pressed  \by  the  tongue 
against  the  roof  of  the  mouth,  as  naturally  happens  in  eating  or 
drinking,  its  taste  is  immediately  perceived.  This  efiect  is  easily 
explained ;  since  we  know  how  readily  movement  over  a  free  sur- 
face, combined  with  slight  friction,  will  facilitate  the  imbibition  of 
liquid  substances.  The  nervous  papillae  of  the  tongue  may  there- 
fore be  regarded  as  the  essential  organs  of  the  sense  of  taste,  and 
the  lingual  muscles  as  its  accessory  organs. 

The  full  effect  of  sapid  svhstances  is  not  obtained  until  they  are  actu- 
ally swallowed.  During  the  preliminary  process  of  mastication  a 
sufficient  degree  of  impression  is  produced  to  enable  us  to  perceive 
the  presence  of  any  disagreeable  or  injurious  ingredient  in  the  food, 
and  to  get  rid  of  it,  if  we  desire.  But  it  is  only  when  the  food  is 
carried  backward  into  the  fauces  and  pharynx,  and  is  compressed 
by  the  constrictor  muscles  of  these  parts,  that  we  obtain  a  complete 
perception  of  its  sapid  qualities.  For  at  that  time  the  food  is  spread 
out  by  the  compression  of  the  muscles,  and  brought  at  once  in 
contact  with  the  entire  extent  of  the  mucous  membrane  possessing 
gustative  sensibility.    Then,  it  is  no  longer  under  the  control  of  the 
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will,  and  is  carried  by  the  reflex  actions  of  the  pharynx  and  oaso- 
phagus  downward  to  the  stomach. 

The  impressions  of  taste  made  upon  the  tongue  remain  for  a  cer* 
tain  time  afterwOfrd,  When  a  very  sweet  or  very  bitter  substance 
is  taken  into  the  mouth,  we  retain  the  taste  of  its  sapid  qualities 
for  several  seconds  after  it  has  been  ejected  or  swallowed.  Conse- 
quently, if  several  different  savors  be  presented  to  the  tongue  in 
rapid  succession,  we  soon  become  unable  to  distinguish  them,  and 
they  produce  only  a  confused  impression,  made  up  of  the  union  of 
various  different  sensations ;  for  the  taste  of  the  first,  remaining  in 
the  mouth,  is  mingled  with  that  of  the  second,  the  taste  of  these 
two  with  that  of  the  third,  and  so  on,  until  so  many  savors  become 
confounded  together  that  we  are  no  longer  able  to  recognize  either 
of  them.  Thus  it  is  notoriously  impossible  to  recognize  two  or 
three  different  kinds  of  wine  with  the  eyes  closed,  if  they  be  repeat- 
edly tasted  in  quick  succession. 

If  the  substance  first  tasted  have  a  particularly  marked  savor, 
its  taste  will  preponderate  over  that  of  the  others,  and  perhaps  pre- 
vent our  recognizing  them  at  all.  This  effect  is  still  more  readily 
produced  by  substances  which  excite  the  general  sensibility  of  the 
tongue,  such  as  acrid  or  stimulating  powders.  In  the  same  manner 
as  a  painful  sensation,  excited  in  the  skin,  prevents  the  nerves,  for 
the  time,  from  perceiving  delicate  tactile  impressions,  so  any  pungent 
or  irritating  substance,  which  excites  unduly  the  general  sensibility 
of  the  tongue,  blunts  for  a  time  its  special  sensibility  of  taste.  This 
effect  is  produced,  however,  in  the  greatest  degree,  by  substances 
which  are  at  the  same  time  sapid,  pungent  and  aromatic,  like  sweet- 
meats flavored  with  peppermint.  Advantage  is  sometimes  taken 
of  this  in  the  administration  of  disagreeable  medicines.  By  first 
taking  into  the  mouth  some  highly  flavored  and  pungent  substance, 
nauseous  drugs  may  be  swallowed  immediately  afterward  with  but 
little  perception  of  their  disagreeable  qualities. 

A  very  singular  fact,  in  connection  with  the  sense  of  taste,  is  that 
it  is  sometimes  affected  in  a  marked  degree  by  paralysis  of  Hie  facial 
nerve.  No  less  than  six  cases  of  this  kind,  occurring  in  the  human 
subject,  have  been  collected  by  M.  Bernard,  and  we  have  also  met  \ 
with  a  similar  instance  in  which  the  peculiar  phenomena  were  well  [ 
marked.  M.  Bernard  has  furthermore  seen  a  similar  efiect  upon 
the  taste  produced  in  animals  by  division  of  the  facial  nerve  within 
the  cranium.  The  result  of  these  experiments  and  observations  is 
as  follows :  When  the  facial  nerve  is  divided  or  seriously  injured 
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by  organio  disease,  before  its  emergence  from  the  stylo-mastoid 
foramen,  not  only  is  there  a  paralysis  of  the  superficial  mascles  of 
the  &ce,  but  the  sense  of  taste  is  diminished  on  the  corresponding 
side  of  the  tongue.  If  the  tongue  be  protruded,  and  salt,  citric  acid 
or  sulphate  of  quinine  be  placed  upon  its  surface  on  the  two  sides 
of  the  median  line,  the  taste  of  these  substances  is  perceived  on  the 
affected  side  more  slowly  and  obscurely  than  on  the  other.  It  is 
not,  therefore,  a  destruction,  but  only  a  diminution  of  the  sense  of 
taste,  which  follows  paralysis  of  the  facial  in  these  instances.  At 
the  same  time  the  general  tactile  sensibility  of  the  tongue  is  unal- 
tered, retaining  its  natural  acuteness  on  both  sides  of  the  tongue. 

The  exact  mechanism  of  this  peculiar  influence  of  the  facial  nerve 
upon  the  sense  of  taste  is  not  perfectly  understood.  It  may  be 
considered  as  certain,  however,  that  it  is  derived  through  the 
medium  of  that  branch  of  the  facial  nerve  known  as  the  cliorda 
tympani.  This  filament  leaves  the  facial  at  the  intumescentia 
gangliformis,  in  the  interior  of  the  aqueduct  of  Fallopius,  enters  the 
cavity  of  the  tympanum,  passes  across  the  membrane  of  the  tym* 
panum,  and  then,  emerging  from  the  cranium,  runs  downward  and 
forward  and  joins  the  lingual  branch  of  the  fifth  pair.  It  then  ac* 
companies  this  nerve  as  far  as  the  posterior  extremity  of  the  sub- 
maxillary gland.  Here  it  divides  into  two  portions ;  one  of  which 
passes  to  the  submaxillary  ganglion,  and,  through  it^  to  the  sub- 
stance  of  the  submaxillary  gland,  while  the  other  continues  onward, 
still  in  connection  with  the  lingual  branch  of  the  fiflh  pair,  and,  in 
company  with  the  filaments  of  this  nerve,  is  distributed  to  the  tongue. 

The  chorda  tympani  thus  forms  the  only  anatomical  connection 
between  the  facial  nerve  and  the  anterior  part  of  the  tongue.  When 
the  £EUiial,  accordingly,  is  divided  or  injured  afler  its  emergence 
from  the  stylo-mastoid  foramen,  no  effect  is  produced  upon  the 
sense  of  taste;  but  when  it  is  injured  during  its  course  through  the 
aqueduct  of  Fallopius,  and  before  it  has  given  off  the  chorda  tym- 
pani, this  nerve  suffers  at  the  same  time,  and  the  sense  of  taste  is 
diminished  in  activity,  as  above  described.  It  is  probable  that  this 
effect  is  produced  in  an  indirect  way,  by  a  diminution  in  the  activity 
of  secretion  in  the  lingual  follicles,  or  by  some  alteration  in  the 
vascularity  of  the  parts. 

Smell. — The  main  peculiarity  of  the  sense  of  smell  consists  in 
the  fact  that  it  gives  us  intelligence  of  the  physical  character  of 
bodies  in  a  gaseous  or  vaporous  condition.    Thus  we  are  enabled  to 


I  perceive  the  existence  of  an  odorous  substance  at  a  distauce,  and 

I  irhen  it  is  altogether  concealed  from  siglit.     The  minute  quantity 

I  of  volatile  material  emanating  from  it,  and  thus   pervading  the 

atmosphere,  comes  in  contact  with  the  mucous  membrane  of  the 

nose,  and  produces  a  peculiar  and  special  sensation. 

The  apparatus  of  this  sense  consists,  first,  of  the  olliictory  mem-  I 
brane,  supplied  by  the  filaments  of  the  olfactory  nerve,  aa  ita  i 
special  organ ;  and  secondly,  of  the  naaal  passages,  witli  the  tur-  ; 
binated  bones  and  the  muscles  of  the  anterior  and  postRrior  nares, 
as  its  accessory  organs.  At  the  upper  part  of  the  nasal  fossre,  > 
the  mucous  membrane  is  very  thick,  soft,  spongy  and  vascular,  | 
and  is  supplied  witli  mucous  follicles  which  exude  a  secretion,  by  i 
which  its  surface  is  protected  and  kept  in  a  moist  and  sensitive 
condition.  ' 

It  is  only  this  portion  of  the  mucous  membrane  of  the  Dares 
which  is  supplied  by  filaments  of  the  olfactory  nerve,  and  which  is 
capable  of  receiving  the  impressions  of  smell ;  it  is  therefore  called 
the  Olfactory  membrane.  Elsewhere,  the  nasal  passages  are  lined 
with  ^  mucous  membrane  which  is  less  vascular  and  spongy  in 
structure,  and  which  is  called  the  Sckneidrrian  membrane. 

The  filaments  derived  from  the  olfactory  ganglia,  and  which 
penetrate  through  the  cribri- 
form plate  of  the  ethmoid  ^'S-  ^^• 
bone,  are  distributed  to  the 
mucous  membrane  of  the  su- 
perior and  middle  turbinated 
bones,  and  to  that  of  the  upper 
part  of  the  septum  nasi.  The 
exact  mode  in  which  these 
filaments  terminate  in  the  ol- 
factory membrane  has  not 
been  definitely  ascertained. 
They  are  of  a  soft  consistency 
and  grdy  color,  and,  after  di- 
viding and  ramifying  freely 
in  the  membrane,  appear  to 
become  lost  in  its  substance. 
It  is  these  nerves  which  exer- 
cise the  special   function   of 

smell.     They  are,  to  all  appearance,  incapable  of  receiving  ordinary 
impressions,  and  must   be   regarded  as  entirely  peculiar  iu  their 
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nature  and  endowments.  The  nasal  passages,  however,  are  supplied 
with  other  nerves  beside  the  olfactory.  The  nasal  branch  oC  the 
ophthalmic  division  of  the  fifth  pair,  after  entering  the  anterior  part 
of  the  cavity  o£  the  nares^  just  in  advance  of  the  cribriform  plate  of 
the  ethmoid  bone,  is  distributed  to  the  mucous  membrane  of  the  in- 
ferior turbinated  bone  and  the  inferior  meatus.  Thus  the  organ 
of  smell'  is  provided  with  sensitive  nerves  from  two  different  sources^ 
viz.,  at  its  upper  part^  with  the  olfactory  nerves  proper,  derived 
from  the  olfactory  ganglion  (Fig.  154,  i),  which  are  nerves  of  special 
sensation ;  and  secondly,  at  its  lower  part,  with  the  nasal  branch  of 
the  fifth  pair  (3),  a  nerve  of  general  sensation.  Beside  which,  the 
spheno-palatine  ganglion  of  the  great  sympathetic  (s)  sends  fila- 
ments to  the  mucous  membrane  of  the  whole  posterior  part  of  the 
nasal  passages,  and  to  the  levator  palati  and  azygos  uvuiss  muscle.4. 
Finally,  the  muscles  of  the  anterior  nares  are  supplied  by  filaments 
of  the  facial  nerve. 

The  conditions  of  the  sense  of  smell  are  much  more  special  in 
their  nature  than  those  of  taste.  For,  in  the  first  place,  this  sense  is 
excited,  not  by  actual  contact  with  the  foreign  body,  but  only  with 
its  vaporous  emanations;  and  the  quantity  of  these  emanations, 
sufficient  to  excite  the  smell,  is  often  so  minute  as  to  be  altogether 
inappreciable  by  other  means.  We  cannot  measure  the  loss  of 
weight  in  an  odorous  body,  though  it  may  affect  the  atmosphere 
of  an  entire  house,  and*  the  senses  of  all  its  inhabitants,  for  days 
and  weeks  together.  Secondly,  in  the  olfactory  organ,  the  special 
sensibility  of  smell  and  the  general  sensibility  of  the  mucous  mem- 
brane are  separated  from  each  other  and  provided  for  by  different 
nerves,  not  mingled  together  and  exercised  by  the  same  nerves,  as 
is  the  case  in  the  tongue. 

In  order  to  produce  an  olfiEtctory  impression,  the  emanations  of 
the  odorous  body  must  be  drawn  freely  through  the  nasal  passages. 
As  the  sense  of  smell,  also,  is  situated  only  in  the  upper  part  of  these 
passages,  whenever  an  unusually  faint  or  delicate  odor  is  to  be  per- 
ceived, the  air  is  forcibly  directed  upward,  toward  the  Superior 
turbinated  bones,  by  a  peculiar  inspiratory  movement  of  the  nos- 
trils. This  movement  is  very  marked  in  many  of  the  lower  animals. 
As  the  odoriferous  vapors  arrive  in  the  upper  part  of  the  nasal 
passages,  they  are  undoubtedly  dissolved  in  the  secretions  of  the 
olfactory  membrane,  and  thus  brought  into  relation  with  its  nerves. 
Inflammatory  disorders,  therefore,  interfere  with  the  sense  of  smell, 
both  by  checking  or  altering  the  secretions  of  the  part,  and  by 
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producing  an  unnatural  tumefaction  of  the  mucous  membrane, 
which  prevents  the  free  passage  of  the  air  through  the  nasal  foss». 

As  in  the  case  of  the  tongue,  also,  we  must  distinguish  here 
between  the  perception  of  true  odors,  and  the  excitement  of  the 
general  sensibility  of  the  Schneiderian  mucous  membrane  by  im-  '= 
tating  substances.  Some  of  the  true  odors  are  similar  in  their  nature  i 
to  impressions  perceived  by  the  sense  of  taste.  Thus  we  have ' 
sweet  and  sour  smells,  though  none  corresponding  to  the  alkaline 
or  the  bitter  tastes.  Most  of  the  odors,  however,  are  of  a  very 
peculiar  nature  and  are  difficult  to  describe ;  but  they  are  -always 
distinct  from  the  simply  irritating  properties  which  may  belong  to 
vapors  as  well  as  to  liquids.  Thus,  pure  alcohol  has  little  or  no 
odor,  and  is  only  irritating  to  the  mucous  membrane ;  while  the 
odor  of*  wines,  of  cologne  water,  Ac,  is  communicated  to  them  by 
the  presence  of  other  ingredients  of  a  vegetable  origin.  In  the 
same  way,  pure  acetic  acid  is  simply  irritating ;  while  vinegar  has 
a  peculiar  odor  in  addition,  derived  from  its  vegetable  impurities. 
Ammonia,  also,  is  an  irritating  vapor,  but  contains  in  itself  no 
odoriferous  principle. 

The  sensations  of  smell,  like  those  of  taste,  remain  for  a  certain  time 
after  they  have  been  produced,  and  modify  in  this  way  other  less 
strongly  marked  odors  which  are  presented  afterward.  As  a 
general  thing,  the  longer  we  are  exposed  to  a  particular  odor,  the 
longer  its  effect  upon  our  senses  continues ;  and  in  some  cases  it 
may  be  perceived  many  hours  after  the  odoriferous  substance  has 
been  removed.  Odors,  however,  are  particularly  apt  to  remain 
after  the  removal  or  destruction  of  the  source  from  which  they 
were  derived,  owing  to  their  vaporous  character,  and  the  facility 
with  which  they  are  entangled  and  retained  by  porous  substances, 
such  as  plastered  walls,  woollen  carpets,  and  hangings,  and  woollen 
clothes.  It  is  supposed  to  be  in  this  way  that  the  odor  of  a  post- 
mortem examination  will  sometimes  remain  so  as  tO' be  perceptible 
for  several  hours  or  even  an  entire  day  afterward.  But  this  alone 
does  not  fully  explain  the  fact.  For  if  it  depended  simply  on  the 
retention  of  the  odor  by  porous  substances,  it  would  afterward  be 
perceived  constantly,  until  it  gradually  and  continuously  wore  off; 
while  in  point  of  fact,  the  physician  who  has  made  an  autopsy  of 
this  kind  does  not  afterward  perceive  its  odor  constantly,  but  only 
occasionally^  and  by  sudden  and  temporary  fits. 

The  explanation  is  probably  this.  As  the  odor  remains  con- 
stantly by  us,  we  soon  become  insensible  to  its  presence,  as  in  the 
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case  of  all  other  continuous  and  unvarying  impressions.  Our  at- 
tention is  only  called  to  it  when  we  meet  suddenly  with  another 
and  familiar  odor.  This  second  odor,  we  find,  does  not  produce  its 
usual  impression,  because  it  is  mingled  with  and  modified  by  the 
other,  which  is  more  persistent  and  powerful.  Thus  we  are  again 
made  aware  of  the  former  one,  to  which  we  had  become  insensible 
by  reason  of  its  constant  presence. 

The  sense  of  smell  is  comparatively  feeble  in  the  human  species, 
but  is  excessively  acute  in  some  of  the  lower  animals.  Thus,  the 
dog  will  not  only  distinguish  different  kinds  of  game  in  the  forest 
by  this  sense,  and  follow  them  by  their  tracks^  but  will  readily  dis- 
tinguish particular  individuals  by  their  odor,  and  will  recognize 
articles  of  dress  belonging  to  them  by  the  minute  quantity  of  odor- 
iferous vapors  adhering  to  their  substanoe. 

Sight. — The  sight  undoubtedly  occupies  the  first  rank  in  the 
list  of  special  nervous  endowments.  It  is  the  most  peculiar  in  its 
operation,  and  the  most  immaterial  in  its  nature,  of  all  the  senses, 
and  it  is  through  it  that  we  receive  the  most  varied  and  valuable 
impressions.  The  physical  agent,  also,  to  which  the  organ  of  sight 
is  adapted,  and  by  which  its  sensibility  is  excited,  is  more  subtle 
and  peculiar  than  any  of  those  which  act  upon  our  other  senses. 
For  the  senses  of  touch,  taste,  and  smell  require,  for  their  exercise, 
the  actual  contact  of  a  foreign  body,  either  in  a  solid,  liquid,  or 
aeriform  condition ;  and  even  the  hearing  depends  upon  the  me- 
chanical vibrations  of  the  atmosphere,  or  some  other  sonorous 
medium.  But  the  eye  does  not  need  to  be  in  contact  with  the 
luminous  body.  It  will  receive  the  impressions  of  light  with  per- 
fect distinctness,  even  when  they  are  transmitted  from  an  immea- 
surable distance,  as  in  the  case  of  the  fixed  stars ;  and  the  light 
itself  is  not  only  immaterial  in  its  nature,  so  fistr  as  we  can  ascertain, 
but  is  also  capable  of  being  transmitted  through  space  without  the 
intervention  of  any  material  conducting  medium,  yet  discoverable. 

Finally,  the  apparatus  of  vision  is  more  complicated  in  its  struc- 
ture than  that  of  any  other  of  the  special  senses.  This  apparatus 
consists,  first,  of  the  retina,  as  a  special  sensitive  nervous  membrane ; 
and  secondly,  of  the  vitreous  body,  crystalline  lens,  choroid,  scle- 
rotic, iris  and  cornea,  together  with  the  muscles  moving  the  eye- 
ball and  eyelids,  lachrymal  gland,  &c.,  as  accessory  organs.  The 
arrangement  of  the  parts,  constituting  the  globe  of  the  eye,  is  shown 
in  the  following  figure.  (Fig.  155.) 


SIGHT.  493 

The  filaments  of  the  optio  nerve,  after  running  forward  and  pene- 
I  tPating  the  posterior  part  of  the  eyeball,  spread  out  into  the  Bub- 
r  Btance  of  the  Tetina  (i),  thua  forming  a  delicate  and  yascular  nerv- 


ous expansion,  in  the  form  of  a  spheroidal  bag  or  sac,  with  a  wide 
opening  in  front,  where  the  retina  terminates  at  the  posterior  mar- 
gin of  the  ciliary  body.  This  expansion  of  the  retina  is  the  essen- 
tial nervous  apparatus  of  the  eye.  It  is  endowed  with  the  special 
sensibility  which  renders  it  capable  of  receiving  luminous  impres- 
sions; and,  so  far  as  we  have  been  able  to  ascertain,  it  is  incapable  of 
perceiving  any  other.  On  the  outside,  the  retina  is  covered  by  the 
choroid  coat  (j).  a  vascular  membrane,  which  is  rendered  opaque  by 
the  presence  of  an  abundant  layer  of  blackish-brown  pigment-cells, 
and  which  thus  absorbs  the  light  which  has  once  passed  through 
the  retina,  and  prevents  its  being  reflected  in  such  a  way  aa  to 
confuse  and  dazzle  the  sight.  Inside  the  retina  is  the  vitreous  body. 
a  transparent  spheroidal  mass  of  a  gelatinous  consistency,  which  is 
surrounded  and  retained  in  position  by  a  thin,  structureless  mem- 
brane, called  the  hyaloid  membrance  (s),  lying  immediately  in 
contact  with  the  internal  surface  of  the  retina.  The  lens  («)  is 
placed  in  front  of  the  vitreous  body,  in  the  central  a.^is  of  the  eye- 
ball, enveloped  in  its  capsule,  which  is  continuous  with  the  hyaloid 
membrane.  Just  at  the  edge  of  the  lens,  the  hyaloid  membrane 
divides  into  two  laminae,  which  separate  from  each  other,  leaving 
between  them  a  triangular  canal,  the  canal  of  Petit,  which  can  be 
Been  in  the  above  figure.    In  front  of  the  lens  is  the  iris  (-i)^  a  nearly 
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vertical  muscular  curtain,  formed  of  radiating  and  ooncentric  fibres, 
pierced  at  its  centre  with  a  circular  opening,  the  pupil,  through 
which  the  light  is  admitted,  and  covered  on  its  posterior  surfsu^e 
with  a  continuation  of  the  choroidal  pigment,  which  excludes  the 
passage  of  any  other  rays  than  those  which  pass  through  the  pupil. 
At  the  same  time,  the  whole  globe  is  inclosed  and  protected  by  a 
thick,  fibrous,  laminated  tunic,  which  in  its  posterior  and  middle 
portions  is  opaque,  forming  the  scieri^li),  and  in  its  anterior  por* 
tion  is  transparent,  forming  the  cornea  (•).  The  muscles  of  the  eye- 
ball are  attached  to  the  external  Borfiioe  of  the  sclerotic  in  such  a 
way  that  the  cornea  may  be  readily  turned  in  various  directions ; 
while  the  eyelids,  which  may  be  opened  and  closed  at  will,  protect 
the  eye  from  injury,  and,  with  the  aid  of  the  lachrymal  secretion, 
keep  it3  anterior  surfaces  moist^  and  preserve  the  transparency  of 
the  cornea. 

The  organ  of  vision  is  supplied  with  nerves  of  ordinary  sensi- 
bility by  the  ophthalmic  branch  of  the  fifth  pair.  The  filaments 
of  this  nerve  which  terminate  about  the  eye  are  distributed  mostly 
to  the  conjunctiva,  lachrymal  gland,  and  skin  of  the  eyelids ;  while 
a  very  few  of  them  run  forward  in  company  with  the  ciliary  nerves 
proper,  and  are  distributed  to  the  ciliary  circle  and  iris.  All  these 
parts,  therefore,  but  more  particularly  the  conjunctiva  and  skin  of 
the  eyelids,  possess  ordinary  sensibility,  which  appears  to  be  totally 
wanting  in  the  deeper  parts  of  the  eye.  The  ophthalmic  ganglion 
gives  off  the  ciliary  nerves,  which  are  distributed  to  the  iris  and 
ciliary  muscle.  Finally,  the  muscles  moving  the  eyeball  and  eye- 
lids are  supplied  with  motor  nerves  firom  the  third,  fourth,  sixth 
and  seventh  pairs. 

Of  all  the  properties  and  functions  belonging  to  the  different 
structures  of  the  eyeball,  the  most  peculiar  and  characteristic  is  the 
special  sensibility  of  the  retina.  This  sensibility  is  such  that  the 
retina  appreciates  both  the  intensity  and  the  quality  of  the  light — 
that  is  to  say,  its  color  and  the  different  shades  which  this  color 
may  present.  On  account  of  the  form,  also,  in  which  the  retina  is 
constructed,  viz.,  that  of  a  spheroidal  membranous  bag,  with  an 
opening  in  front,  it  becomes  capable  of  appreciating  the  direction 
from  which  the  rays  of  light  have  come,  and,  of  course,  the  situation 
of  the  luminous  body  and  of  its  different  parts.  For  the  rays  which 
enter  through  the  pupil  from  below  can  reach  the  retina  only  at  its 
upper  part,  while  those  which  come  in  from  above,  can  reach  it 
only  at  its  lower  part;  so  that  in  both  instances  the  rays  strike  the 
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ECTiaitive  surface  peqiendicularly,  and  tbus  convey  the  impressios 
of  their  direction  from  above  or  below. 

But  beside  the  sensibility  of  the  retina,  the  perfection  and  value 
of  the  sense  of  sight  depend  very  much  on  the  arrangement  of  tba 
accessory  organs,  the  most  important  of  which  ia  the  crystalline  lens. 

The  /unction  of  tlie  crystalline  lens  ia  to  jToduce  distinct  perception 
of  form  and  outline.  For  if  the  eye  consisted  merely  of  a  sensitiva 
retina,  covered  with  transparent  integument,  though  the  impressions 
of  light  would  be  received  by  such  a  retina  ihey  could  not  give 
any  idea  of  the  form  of  particular  objects,  but  could  only  produce 
the  sensation  of  a  confused  luminosity.  This  condition  is  illus- 
trated in  Fig.  156,  where  the  arrow,  a,  b,  represents  the  luminous 
object,  and  the  vertical  dotted  line,  at  the  right  of  the  diagram, 
represents  the  retina.  Bays,  of  course,  will  diverge  from  every 
point  of  the  object  in  every  direction,  and  will  thus  reach  every 
part  of  the  retina.  The  diflerent  parts  of  the  retina,  consequently, 
1,  2,  3,  4,  will  each  receive  rays  coming  both  from  the  point  of  the 
arrow,  a,  and  from  its  butt,  b.  There  will  therefore  be  no  distinc- 
tion, upon  the  retina,  between  the  different  parts  of  the  object,  and  no 
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definite  perception  of  its  outline.  But  if,  between  the  object  and  ihe 
retina,  there  be  insertefl  a  double  convex  refracting  lena,  with  the 
proper  curvatures  and  density,  as  in  Fig.  157,  the  effect  will  be  dif- 
ferent. For  then  all  the  rays  emanating  from  a  will  be  concentrated 
at  X,  and  all  those  emanating  from  h  will  be  concentrated  at  y. 
Thus  the  retina  will  receive  the  impression  of  the  point  of  the 
arrow  separate  from  that  of  the  butt ;  and  all  parts  of  the  object, 
in  like  manner,  will  be  distinctly  and  accurately  perceived. 

This  convergence  of  the  rays  of  light  is  accomplished  to  a  certain 
extent  by  the  other  transparent  and  refracting  parts  of  the  eyeball ; 
but  the  lens  is  the  most  important  of  all  in  this  respect,  owing  to 
its  superior  density  and  the  double  convexity  of  its  figure.  The 
difitinctncBS  of  vision,  therefore,  depends  upon  the  action  of  the 
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I  converging  all  the  rays  of  Hgbt,  emanating  from  a  gi 
point,  to  an  accurate  focus,  at  the  surface  of  the  retina.  To  accomplish 
this,  the  density  of  the  lens,  the  curvature  of  its  surfaccf^  and  ita 
distance  from  the  retina,  muat  all  be  accurately  adapted  to  each 
other.  For  if  the  lens  be  too  convex,  and  its  refractive  power  con- 
sequently too  great,  the  rays  will  be  converged  to  a  focus  too  soon, 
and  will  not  reach  the  retina  until  after  they  have  crossed  each 
other  and  become  partially  dispersed,  as  in  Fig.  158.  The  viaaal 
impression,  therefore,  coming  from  any  particular  point  in  the 
object  is  not  concentrated  and  distinct,  but  diffused  and  dim,  from 
being  dispersed  more  or  less  over  the  retina,  and  interfering  with 
the  impressions  coming  from  other  parts.  This  is  the  condition 
which  is  present  in  myopia,  or  near-sightedness.    On  the  other  hand, 

Fig.  1.^9.  Fig.  159. 


i 


if  the  lens  be  loo  flat,  and  its  convergent  power  too  feeble^  aa  In 
Fig.  159,  the  rays  will  fail  to  come  together  at  all,  and  will  strilce 
the  retina  separately,  producing  a  confused  image,  as  before.     Thia 
is  the  defect  which  exists  in  presbyopia,  or  long-sightedneas.     Id 
both  cases,  the  immediate  cause  of  the  confusion  of  sight  is  the 
same,  viz.,  the  rays  coming  from  the  same  point  of  the  object 
striking  the  retina  at  different  points;  but  in  the  first  instance,  thia  ■ 
is  because  the  rays  have  actually  converged,  and  then  crossed ;  ii|l 
the  second,  it  ia  because  they  have  only  approached  each  other,  butl 
have  never  converged  to  a  focus. 

Another  important  particular  in  regard  to  the  action  of  the  lens 
is  the  ar.commodation  of  the  eye  to  distirKt  vision  at  different  d\slanee». 
It  is  evident  that  the  same  arrangement  of  the  refractive  parts,  in 
the  eye,  will  not  produce  distinct  vision  when  the  distance  of  the 
object  from  the  eye  is  changed.  If  this  arrangement  be  such  that 
the  object  is  seen  distinctly  at  a  certain  distance,  as  in  Fig.  160, 
and  the  object  be  then  removed  to  a  remoter  point,  as  in  Fig.  161, 
the  image  will  become  confused ;  for  the  rays  will  then  be  con- 
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verged  to  a.  focus  nt  a  point  in  front  of  tbe  retina;  because,  being 
less  divergent,  wben  they  strike  ibe  lens,  tbe  same  amount  of  re- 
fraction will  bring  them  together  sooner  than  before.  On  tbe  other 
hand,  if  the  object  be  moved  to  a  point  nearer  the  eye,  the  rays, 
becoming  more  divergent  as  they  strike  the  leni!,  will  be  converged 
less  rapidly  to  a  focua,  and  vision  will  again  become  indistintjt. 

This  may  easily  be  seen  by  tbe  aid  of  a  very  simple  experiment 
If  two  needles  be  placed  upright,  at  different  diatances  from  tbe  eye, 
one  for  example  at  eight  and 
tbe  other  at  eighteen  inches,  but 
nearly  in  the  same  linear  range, 
and  if  then,  closing  one  eye,  we 
look  at  tbera  alternately,  we  shall 
find  that  we  cannot  see  both  dis- 
tinctly at  the  same  time.  For 
when  we  look  at  the  one  near- 
Fig.  161. 
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est  the  eye,  bo  as  to  perceive  its  form  distinctly,  the  image  of  tlia 
more  remote  one  becomes  confused ;  and  when  we  see  the  more  re- 
mote object  in  perfection,  that  which  is  nearer  loses  its  sharpness  of 
outline.  This  shows,  in  the  first  place,  that  the  same  condition  of 
the  eye  will  not  allow  us  to  see  two  objects  at  ditferent  distances 
with  distinctness  at  the  same  time;  and  secondly  that,  on  looking 
from-  one  to  the  other,  there  is  a  change  of  some  kind  iu  the  focus  of 
the  eye,  by  which  it  is  adapted  to  different  distances.  Indeed  we 
are  conscious  of  a  certain  effort  at  the  time  when  the  point  of  visiua 
ii  transferred  from  one  object  to  the  othei^  by  which  the  eye  is 
adapted  to  the  new  distance ;  and  this  alteration  is  not  quite  instan- 
taneous, but  requires  a  certain  interval  of  lime  for  its  ctjmpletion. 
This  accommodation  of  the  eye  to  different  distances  is  un- 
doubtedly effected  by  an  antero-posterior  movement  of  the  lens 
within  the  eyeball.  It  will  at  once  be  perceived,  on  referring  to 
Fig.  161,  that  if  tbe  leua  were  moved  a  little  backward  toward  tbe 
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retina,  at  the  same  time  that  the  object  ja  removed  to  a  greater  dis- 
tance from  the  eye,  the  focus  of  tlie  convergent  raya  would  still  fall 
Tipon  the  retina,  and  the  image  would  still  be  distinct.  In  the  op- 
posite case,  where  the  object  is  brought  nearer  the  eye,  a  similar 
movement  of  the  lens  forward  would  again  secure  perfect  vision. 
Thus,  when  we  look  at  near  objeets,  the  lens  moves  forward 
toward  the  pupil;  when  we  look  at  remote  objects,  it  moves  back- 
ward toward  the  retina. 

This  movement  of  the  lens  is  apparently  accomplished  by  tbo 
action  of  the  ciliary  muscle.  This  mnscle  (Fig.  155,  o)  arises,  in 
front,  from  the  conjunction  of  the  sclerotic  and  the  cornea,  and  run- 
ning backward  and  outward,  is  inserted  into  the  anterior  part  of 
the  choroid,  about  the  situation  at  which  the  hyaloid  membrane 
passes  0%  to  become  the  suspensory  ligament  of  the  lena.  As 
already  mentioned,  this  muscle  is  supplied  with  nervous  filaments 
from  the  ophthalmic  ganglion.  Ita  action  is  to  draw  the  lens  for- 
ward, by  means  of  its  attachment  to  the  hyaloid  membrane  and 
choroid  coat ;  and,  in  the  human  subject,  the  retreat  or  retrogrea- 
sion  of  the  lens  toward  the  retina,  after  the  ciliary  muscle  is  relaxed, 
seems  to  be  due  to  the  elastic  resiliency  of  the  remaining  tissues  of 
the  eyeball. 

But  in  order  to  allow  of  such  a  backward  and  forward  movement 
of  the  lens,  since  the  liquids  of  the  eyeball  are  incompressible,  there 
must  be  a  corresponding  displacement  of  other  parts,  both  before 
and  behind.  This  is  undoubtedly  provided  for  by  the  vascularity 
of  the  choroid  coat.  This  membrane  is  supplied  with  an  exceedingly 
abundant  vascular  plexus  over  its  whole  posterior  portion;  and  in 
front  it  is  thrown  into  a  circle  of  prominent  converging  folds,  or 
processes,  the  ciliary  processes,  which  are  nothing  more  than  erectile 
congeries  of  bloodvessels,  covered  with  the  pigment  of  the  choroid. 
A  portion  of  the  ciliary  processes  projects  in  front  of  the  lens,  and 
their  vascular  network  is  continued  over  a  great  part  of  the  pos- 
terior surface  of  the  iris.  Thua  there  is,  both  behind  and  in  fronl 
of  the  lena,  an  erectile  system  of  bloodvessels ;  and  as  these  blood»| 
vessels  become  alternjjtely  empty  or  turgid,  they  will  allow  of 
displacement  of  the  lens  in  an  anterior  or  posterior  direction. 

Accordingly  there  is  a  certain  accommodation  of  the  eye  neces- 
sary to  the  distinct  sight  of  objects  at  different  distances.     But 
range  of  this  accommodation  is  limited,  and  the  same  eye  cannot 
made  to  see  distinctly  at  all  distances.     For  all  ordinary  eyea,  the 
accommodation  fails,  and  vision  becomes  imperfect,  when  the  object 
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is  placed  at  less  than  six  inches  distance  from  the  eye.  But  from 
that  point  outward,  the  eye  can  adapt  itself  to  any  distance  at  which 
light  is  perceptible,  even  to  the  immeasurable  distances  of  the  fixed 
stars.  A  much  greater  accommodating  power,  however,  is  re- 
quired for  near  distances  than  for  remote,  since  the  difierence  in 
divergence  between  rays,  entering  the  pupil  from  a  distance  of  one 
inch  and  from  that  of  six  inches,  is  greater  than  the  difference  be* 
tween  six  inches  and  a  yard,  or  even  distances  which  are  immea* 
surably  remote.  Accordingly,  near-sighted  persons  can  see  objects 
distinctly  when  placed  very  near  the  eye ;  since,  as  their  lens  con- 
verges the  rays  of  light  more  powerfully  than  usual,  they  can  be 
brought  to  a  focus  upon  the  retina,  even  when  excessively  diverg- 
ent at  the  time  they  enter  the  eye.  But  distant  objects  become 
indistinct^  since,  however  far  backward  the  lens  is  moved,  the  rays 
are  still  brought  to  a  focus  and  cross  each  other,  before  reaching 
the  retina,  as  in  Fig.  161.  Near-sighted  persons^  therefore,  have  a 
limited  range  of  accommodation,  Jike  all  others,  only  it  ia  confined 
within  short  distances,  owing  to  the  excessive  refracting  power  of 
the  lens. 

On  the  other  hand,  long-sighted  persons  can  see  remote  objects 
without  trouble,  since  a  very  little  movement  of  the  lens  will  be 
sufficient  to  adapt  it  for  long  distances;  but  within  short  distances, 
the  divergence  of  the  rays  becomes  too  greats  and  they  cannot  be 
brought  to  a  focus. 

Circle  of  Vision, — Since  the  opening  of  the  pupil  will  admit  rays 
of  light  coming  from  various  directions,  there  is  in  front  of  the  eye 
a  circle,  or  space,  within  which  luminous  objects  are  perceived,  and 
beyond  which  nothing  can  be  seen,  because  the  rays,  coming  from 
the  side  or  from  behind,  cannot  enter  the  pupil.  This  space,  within 
which  external  objects  can  be  perceived,  is  called  the  "  circle  of 
vision.^'  But,  for  short  distances,  there  is  only  a  single  point,  in  the 
centre  of  the  circle  of  vision,  at  which  objects  can  be  seen  distinctly. 
Thus,  if  we  place  ourselves  in  front  of  a  row  of  vertical  stakes  or 
palisades,  we  can  see  those  directly  in  front  of  the  eye  with  perfect 
distinctness,  but  those  at  a  little  distance  on  each  side  are  only  per- 
ceived in  a  confused  and  uncertain  manner.  On  looking  at  the 
middle  of  a  printed  page,  in  the  direct  range  of  vision,  we  see  the 
distinct  outlines  of  the  letters ;  while  at  successive  distances  from 
this  point,  the  eye  remaining  fixed,  we  can  distinguish  first  only 
the  separate  letters  with  confused  outlines,  then  only  the  words,  and 
lastly  only  the  lines  and  spaces. 


This  is  because  raj's  of  light  coming  into  the  eye  verj  obliquely, 
in  a  lateral  or  vertical  direction,  are  not  brought  to  their  proper  locus. 
Thus,  in  Fig.  162,  the  rays  diverging  from  the  poiut  a,  directly  in 
front  uf  the  eye,  fall  upon  the  leus  in  such  a  way  that  they  are  all 
brought  together  at  x,  at  the  surface  of  the  retina ;  but  those  coming 
from  b  fall  upon  the  lens  so  obliquely  that,  for  rays  having  an  equal 
divergence  with  those  coming  from  a,  there  is  more  difterence  in  their 
angles  ot*  incidence,  and  of  course  more  difference  in  the  amount 
of-  their  refraction.  They  are  consequently  brought  together  more 
rapidly,  and  on  reaching  the  retina  are  dispersed  over  the  space  y,  z. 


The  perfection  of  the  eye,  as  a  visual  apparatus,  is  very  mucb 
increased  by  the  action  of  the  iris.     This  organ,  as  we  have  already 
mentioned,  is  a  nearly  vertical  muscular  curtain,  placed  in  front  of 
the  lens,  attached  by  its  external  margin  to  the  junction  of  the 
cornea  and  sclerotic,  and  pierced  about  its  centre  by  the  circular   ] 
opening  of  the  pupil.     It  consists,  according  to  most  anatomists,  of  I 
two  seta  of  muscular  fibres — viz.,  the  circular  and  the  radiating. 
The  circular  fibres,  which  are  much  the  most  abundant,  are  arranged   | 
in  concentric  lines  about  the  inner  edge  of  the  irjs,  near  the  pupil; 
the  others  are  said  to  radiate  in  a  scattered  manner,  from  its  central 
parts  to  its  outer  margin.     The  action  of  these  two  sets  of  fibres  is 
to  contract  and  enlarge  the  orifice  of  the  pupil.     The  circular  fibrea^ 
in  contracting,  draw  together  the  edges  of  the  pupil,  and  so  diminish 
its  opening;  and  when  these  are  relaxed,  the  radiating  fibres  come 
into  play,  and  by  drawing  apart  the  edges  of  the  orifice,  enlarge 
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the  pupillary  opening.  The  action  of  the  circular  fibres,  at  the 
same  time,  is  much  the  most  marked  and  important  of  the  two. 
For  when  the  whole  muscular  apparatus  of  the  eye  is  paralyzed 
by  the  action  of  belladonna,  or  by  the  division  of  the  third  pair  of 
nervesy  or  in  the  general  relaxation  of  the  muscular  system  at  the 
moment  of  death,  the  pupil  is  invariably  dilated,  probably  by  the 
passive  elasticity  of  its  tissues. 

During  life,  however,  these  different  conditions  of  the  pupil  cor- 
respond with  the  different  degrees  of  light  to  which  the  eye  is  ex- 
posed. In  a  strong  light,  the  pupil  contracts  and  shuts  out  the 
superfluous  rays;  in  a  feeble  light,  it  dilates,  in  order  to  collect 
into  the  eye  all  the  light  which  can  be  received  from  the  object. 
This  contractile  and  expansive  movement  of  the  pupil  is  a  reflex 
action.  It  is  not  produced  by  the  direct  impression  of  the  light 
upon  the  iris  itself,  but  upon  the  retina;  since,  if  the  retina  be 
affected  with  complete  amaurosis,  or  if  the  light  be  entirely  shut  out 
from  it  by  an  opacity  of  the  lens,  no  such  effect  is  produced,  though 
the  iris  itself  be  exposed  to  the  direct  glare  of  day.  From  the 
retina  the  impression  is  transmitted,  through  the  optic  nerve,  to  the 
optic  tubercles  and  the  brain,  thence  reflected  outward  by  the  oculo- 
motorius  nerve  to  the  ophthalmic  ganglion,  and  so  through  the 
ciliary  nerves  to  the  iris. 

The  pupil  is  subject,  however,  to  various  other  nervous  influences 
beside  the  impressions  of  light  received  by  the  retina.  Thus  in 
poisoning  by  opium,  it  is  contracted ;  in  coma  from  compression  of 
the  brain,  it  is  dilated ;  in  natural  sleep  it  is  contracted,  and  the  eye- 
ball rolled  upward  and  inward.  In  various  mental  conditions,  the 
pupil  is  also  enlarged  or  diminished,  and  thus  modifies  the  expres- 
sion of  the  eye;  and  in  viewing  remote  objects,  it  is  generally 
enlarged,  while,  in  looking  at  near  objects,  it  is  comparatively  con- 
tracted. But  still,  the  most  constant  and  important  function  be- 
longing to  the  iris  is  the  admission  or  exclusion  of  the  rays,  accord- 
ing to  the  intensity  of  the  light. 

Our  impressions  of  distance  and  solidity,  in  viewing  external 
objects,  are  produced  mainly  by  the  combined  action  of  the  two  eyes. 
For,  as  the  eyes  are  seated  a  certain  distance  apart  from  each  other 
in  the  head,  when  they  are  both  directed  toward  the  same  object, 
their  axes  meet  at  the  point  of  sight,  and  form  a  certain  angle  with 
each  other ;  and  this  angle  varies  with  the  distance  of  the  object. 
Thus,  when  the  object  is  within  a  short  distance,  the  axes  of  the 
two  eyes  will  necessarily  be  very  convergent,  and  the  angle  which 
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they  form  with  esch  other  a  large  one ;  but  for  remote  objects,  the 
visual  axes  will  become  more  nearly  parallel,  and  their  angle  con- 
sequently smaller.  It  is  on  this  account  that  we  can  always  dis- 
tinguish whether  any  person  at  a  short  distance  is  looking  at  »m, 
or  at  some  other  object  in  our  direction;  since  we  instinctively 
appreciate,  from  the  appearance  of  the  eyes,  whether  their  visual 
axes  meet  at  the  level  of  our  own  face. 

In  looking  at  a  landscape,  accordingly,  we  do  not  see  the  whole 
of  it  distinctly  at  the  same  moment,  but  only  those  parts  to  which 
out  attention  is  immediately  directed.  This  is  because,  in  the  first 
place,  the  focus  of  distinct  vision  varies,  in  each  eye,  for  different 
distances,  as  we  have  seen  in  a  former  paragraph,  and  secondly, 
because  both  eyes  can  only  be  directed  together,  at  one  lime,  to 
objects  at  a  certain  distance.  Thus,  when  we  see  the  foreground 
or  the  middle  ground  distinctly,  the  distance  is  vague  and  uncer-  • 
tain,  and  when  we  direct  our  eyes  more  particularly  to  the  horizon, 
objects  in  the  foreground  become  indistinct.  In  this  way  we  ap- 
preciate the  difference  in  distance  between  the  various  portions  of 
the  landscape,  as  a  whole.  In  the  case  of  particular  objects,  we  are 
assisted  also  by  the  alteration  in  their  individual  characters;  for 
distance  produces  a  diminution,  both  in  apparent  size  and  in  in- 
tensity of  color. 

The  combined  action  of  the  two  eyes  is  also  very  valuable,  for 
near  objects,  in  giving  us  an  idea  of  solidity  or  projeclinti.  For 
within  a  certain  distance,  the  visual  axes  when  directed  together 
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Fig.  Ifi4. 


at  a  solid  object,  are  so  convenient  that  the  two  eyes  do  not  receive 
the  same  image.     As  in  Figs.  163  and  164,  which  represent  a  skal^ 
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as  seen  by  the  two  eyes,  when  placed  exactly  in  front  of  the  ob- 
server at  the  distance  of  eighteen  inches  or  two  feet,  the  right  eye 
will  see  the  object  partly  on  one  side,  and  the  left  eye  partly  on  the 
other.  And  by  the  union  or  combination  of  these  two  images  by 
the  visual  organs,  the  impression  of  solidity  is  produced. 

By  the  employment  of  double  pictures,  so  drawn  as  to  represent 
the  appearances  presented  to  the  two  eyes  by.  the  same  object,  and 
so  arranged  that  each  shall  be  seen  only  by  the  corresponding  eye, 
a  deceptive  resemblance  may  be  produced  to  the  actual  appearance 
of  solid  objects.  This  is  accomplished  in  the  contrivance  known 
as  the  Stereoscope.  Thus,  if  two  pictures  similar  to  those  in  Figs. 
163  and  164  be  so  placed  that  one  shall  be  seen  only  with  the  right 
eye  and  the  other  only  with  the  left,  the  combination  of  the  two 
figures  will  take  place  as  if  they  came  from  the  real  object,  and 
all  the  natural  projections  will  come  out  in  reliefl 

But  this  effect  is  produced  only  in  the  case  of  objects  situated 
within  a  moderately  short  distance.  For  very  remote  objects,  we 
lose  the  impression  of  solidity,  since  the  difference  in  the  images  on 
the  two  eyes  becomes  so  slight  as  to  be  inappreciable,  and  we  see 
only  a  plane  expanse  of  surface,  with  sharp  outlines  and  various 
shades  of  color,  but  no  actual  projections  or  depressions. 

The  sensibility  of  the  retina  is  such  that  it  cannot  distinguish 
luminous  points  which  are  received  upon  its  surface  at  a  very 
minute  distance  from  each  other.  In  this  particular,  the  sensibility 
of  the  retina  resembles  that  of  the  skin,  since  we  have  already 
found  that  the  integument  cannot  distinguish  the  impressions 
made  by  the  points  of  two  needles  placed  a  very  short  distance 
apart  The  delicacy  of  this  discriminating  power,  in  the  retina,  is 
immeasurably  superior  to  that  of  the  skin;  and  yet  it  has  its 
limits,  even  in  the  nervous  expansion  of  the  eye.  For  if  we  look 
at  an  object  which  is  excessively  minute,  or  which  is  so  remote 
that  its  apparent  size  is  very  much  diminished,  we  lose  the  power 
of  distinguishing  its  different  parts,  and  can  no  longer  perceive 
its  real  outline.  This  is  a  very  different  condition  from  that  in 
which  the  confusion  of  vision  arises  from  defect  of  focusing  in  the 
eye,  as,  for  example,  in  long  or  short-sightedness,  or  where  the 
object  is  placed  too  near  the  eye  or  too  much  on  one  side.  For 
when  the  difficulty  depends  simply  on  its  minute  size  or  its  remote- 
ness, the  rays  coming  from  the  top  of  the  object  and  those  coming 
from  the  bottom,  are  all  brought  to  their  proper  focus  at  distinct 
points  on  the  retina — only  these  points  are  too  near  exich  other  for  the 


604  TUU   SPECIAL   SENSES. 

retina  to  distinguish  them  apart.    Consequently  we  can  no  longer 
appreciate  the  form  of  the  object 

For  the  same  reason,  when  we  mix  together  minute  grains  of  a 
different  hue,  we  produce  an  intermediate  color.  If  yellow  and 
blue  be  mingled  in  this  way,  we  no  longer  perceive  the  separate 
blue  and  yellow  grains,  but  only  a  uniform  tinge  of  green ;  and 
white  and  black  granules,  mixed  together,  produce,  at  a  short  dis- 
tance, the  appearance  of  a  continuous  shade  of  gray. 

Impressions,  cmce  produced  upon  the  retina,  remain  for  a  short  time 
afterxjoard.  Usually  these  impressions  are  so  evanescent  after  the 
removal  of  their  immediate  cause,  and  are  so  soon  followed  by 
others  which  are  more  vivid,  that  we  do  not  notice  their  existence. 
They  may  very  readily  be  demonstrated,  however,  by  swinging 
rapidly  in  a  circle  before  the  eyes,  in  a  dark  room,  a  stick  lighted 
at  one  end.  As  soon  as  the  motion  has  attained  a  certain  degree  of 
velocity,  the  impression  produced  on  the  retina,  when  the  lighted 
end  of  the  stick  arrives  at  any  particular  spot,  remains  until  it  has 
completed  its  revolution  and  has  again  reached  the  same  point ; 
so  that  the  effect  thus  produced  upon  the  eye  is  that  of  a  continu- 
ous circle  of  light.  The  same  fact  has  been  illustrated  by  the 
optical  contrivance,  known  as  the  Thaumairope,  in  which  successive 
pictures  of  similar  figures  in  different  positions  are  made  to  revolve 
rapidly  before  the  eye,  and  thus  to  produce  the  apparent  effect  of  a 
single  figure  in  rapid  motion ; — since  the  eye  fails  to  perceive  the 
intervals  between  the  different  pictures. 

The  sense  of  vision,  therefore,  through  the  impressions  of  light, 
gives  us  ideas  of  form,  size,  color,  position,  distance,  and  movement. 
But  these  ideas  may  also  be  excited  by  impressions  derived  from 
an  internal  source,  as  well  as  those  produced  by  rays  coming  from 
without.  And  it  is  one  of  the  most  striking  peculiarities  of  the 
sense  of  sight  that  these  ideal  or  internal  impressions  which  are 
excited  in  it  by  various  causes,  are  much  more  vivid  and  powerful 
than  those  of  any  other  of  the  senses.  Thus,  in  a  dream,  we  often  see 
external  objects,  with  all  their  visible  peculiarities  of  light,  color 
form,  &c.,  nearly  or  quite  as  distinctly  as  when  we  are  awake ;  but 
the  imaginary  impressions  of  sound,  in  this  condition,  are  always 
comparatively  faint,  and  those  of  taste,  smell,  and  touch,  almost 
entirely  imperceptible.  Even  in  a  reverie,  in  the  waking  condi- 
tion, when  the  absorption  of  the  mind  in  its  own  thoughts  is  com- 
plete, and  we  are  withdrawn  altogether  from  outward  influences, 
we  see  objects  which  have  no  present  existence  as  if  they  were 


HEABINO.  606 

actually  before  us.  It  is  this  sense  also  whicli  becomes  most  easily 
and  thoroughly  excited  in  certain  nervous  disorders;  as^  for  exam- 
[)le,  in  delirium  tremens^  where  the  patient  often  sees  passing  before 
liis  eyes  extensive  and  magnificent  landscapes,  crowds  of  human 
faces  and  figures,  and  series  of  towns  and  cities,  which  seem  to  be 
depicted  upon  the  imagination  with  a  force  and  distinctness,  much 
superior  to  that  of  other  delirious  impressions.  Since  the  sense  of 
sight,  therefore,  depends  less  directly  than  the  other  senses  upon 
the  actual  contact  of  material  objects,  it  is  also  more  easily  thrown 
into  activity  when  withdrawn  from  their  influence. 

Hearing. — ^The  sense  of  hearing  depends  upon  the  vibrations 
excited  in  the  atmosphere  by  sonorous  bodies,  which  are  themselves 
first  thrown  into  vibration  by  various  causes,  and  which  then  com- 
municate similar  undulations  to  the  surrounding  air.  These  sono- 
rous vibrations  are  of  such  a  character  that  they  cannot  be  directly 
appreciated  by  ordinary  sensibility,  but  the  result  of  numerous  and 
well-directed  physical  experiments  on  this  subject  leaves  ho  doubt 
whatever  of  their  existence ;  and  when  such  vibrations  are  commu- 
nicated to  the  auditory  apparatus,  they  produce  in  it  the  sensation 
of  sound. 

In  the  case  of  the  aquatic  animals,  which  pass  their  entire  exist- 
ence beneath  the  surface  of  the  water,  the  water  itself,  which  is 
capable  of  vibrating  in  the  same  way,  communicates  the  sonorous 
impressions  to  the  organ  of  hearing;  but  in  terrestrial  animals^ 
and  particularly  in  man,  it  is  the  atmosphere  which  always  serves 
as  the  medium  of  transmission. 

The  auditory  apparatus,  in  man  and  in  the  quadrupeds,  consists, 
first,  of  a  somewhat  expanded  and  trumpet-shaped  mouth,  or  ex- 
temal  ear,  destined  to  receive  and  collect  the  sonorous  impulses 
coming  from  various  quarters.  This  external  ear  is  constructed 
of  a  cartilaginous  framework,  covered  with  integument,  loosely 
attached  to  the  bones  of  the  head,  and  more  or  less  movable  by 
means  of  various  muscles,  which  by  their  contraction  turn  its 
expanded  orifice  in  different  directions.  In  man,  the  movements 
of  the  external  ear  are  almost  always  inappreciable,  though  the  mus- 
cles may  be  easily  demonstrated ;  but  in  many  of  the  lower  animals 
these  movements  are  exceedingly  varied  and  extensive,  and  play  a 
very  important  part  in  the  working  of  the  auditory  apparatus. 

At  the  bottom  of  the  external  ear,  its  orifice  is  prolonged  into  a 
tube  or  canal, -the  external  audiiary  meaiui,  partly  cartilaginous  and 
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partly  bony,  which  penetrates  the  lateral  part  of  the  temporal  bone 
in  a  nearly  horizontal  and  transverse  direction.  In  the  human 
subject^  this  canal  is  a  little  over  one  inch  in  length,  and  is  lined 
by  a  continuation  of  the  external  integument.  The  integument 
toward  its  outer  portion  is  beset  with  small  hairs,  and  provided 
with  ceruminous  glands  which  supply  a  secretion  of  a  waxy  or 
resinous  consistency.  By  these  means  the  passage  is  protected 
from  the  accidental  ingress  of  various  foreign  bodies. 

Secondly,  at  the  bottom  of  the  external  meatus  the  auditory  pas- 
sage is  closed  by  a  thin  fibrous  membrane,  stretched  across  its  cavity, 
called  the  membrana  tympani.  Upon  this  membrane  are  received  the 
sonorous  vibrations  which  have  been  collected  by  the  external  ear 
and  conducted  inward  by  the  external  auditory  meatus.  Behind 
the  membrana  tympani  is  the  cavity  of  the  middle  ear,  or  the  cavity 
of  the  tympanum.  This  cavity  communicates  posteriorly  with  the 
mastoid  cells,  and  anteriorly  with  the  pharynx,  by  a  narrow  passage, 
lined  with  ciliated  epithelium,  and  running  downward,  forward  and 
inward,  called  the  Eustachian  tube.  A  chain  of  small  bones,  the 
malleus,  incus,  and  stapes,  is  stretched  across  the  cavity  of  the 
tympanum,  and  forms  a  communication  between  the  membrana 
tympani  on  the  outside,  and  the  membrane  closing  the  foramen 
ovale  in  the  petrous  portion  of  the  temporal  bone.  All  the  vibra- 
tions, accordingly,  which  are  received  by  the  membrana  tympani, 
are  transmitted  by  the  chain  of  bones  to  the  membrane  of  the 
foramen  ovale.  The  tension  of  the  membranes  is  regulated  by  two 
small  muscles,  the  tensor  tymjiani  and  stapedius  muscles,  which  arise 
from  the  bony  parts  in  the  neighborhood,  and  are  inserted  respect- 
ively into  the  neck  of  the  malleus  and  the  head  of  the  stapes,  and 
which  draw  these  bones  forward  and  backward  upon  their  articu- 
lations. 

Thirdly,  behind  the  membrane  of  the  foramen  ovale  lies  the 
labyrinthf  or  internal  ear.  This  consists  of  a  complicated  cavity, 
excavated  in  the  petrous  portion  of  the  temporal  bone,  and  com- 
prising an  ovoid  central  portion,  the  vestibule,  a  double  spiral  canal, 
the  cochlea^  and  three  semicircular  canals,  all  communicating  by 
means  of  the  common  vestibule.  All  parts  of  this  cavity  contain 
a  watery  fluid  termed  the  perilymph.  The  vestibule  and  semi- 
circular canals  also  contain  closed  membranous  sacs,  suspended  in 
the  fluid  of  the  perilymph,  which  reproduce  exactly  the  form  of 
the  bony  cavities  themselves,  and  communicate  with  each  other  in 
a  similar  way.    These  sacs  are  filled  vrith   another  watery  fluid. 
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the  endol^nnph ;  and  the  terminal  filaments  of  the  aaditory  nerve 
are  distributed  upon  the  membraooiu  sac  of  the  vestibule  and  upon 
the  ampulbe,.  or  membranous  dilatations,  at  the  commeooement  of 
the  three  semicircular  canala.  The  remaining  portion  of  the  audi- 
tory nerre  is  distributed  upon  the  septum  between  the  two  spiral 
canals  of  the  cochlea. 

Thu^  the  essential  or  fundamental  portion  of  the  auditory  appa- 
ratus is  evidently  the  internal  ear,  a  cavity,  partly  membraoous  and 
partly  bony,  in  which  is  distributed  a  nerve  of  special  sense,  the 
auditory  nerve,  capable  of  appreciating  sonorous  impresnons.  The 
accessory  parts,  on  the  other  hand,  are  the  chain  of  bones  and  the 
membrane  of  the  tympanum,  which  communicate  the  sonorous 
vibrations  directly  to  the  internal  ear ;  and  the  meatus  and  external 
ear,  which  collect  them  from  the  atmosphere.     The  reception  of 

Fig.  las. 


sonorous  impulses  is  therefore  accomplished  in  a  very  indirect  way. 
For  the  sonorous  body  first  communicates  its  vibrations  to  the 
atmosphere.  By  the  ntmosphere  these  vibrations  are  communicated 
to  the  membrana  tympani.  From  the  membrana  tympani,  they  are 
transmitted,  through  the  chain  of  bones,  to  the  membrane  of  the 
foramen  ovale ;  thence  to  the  perilymph,  or  fluid  of  the  tabyrintbic 
cavity,  and  from  the  perilymph  to  the  membranous  parts  of  the 
labyrinth  and  the  nerves  which  are  distributed  upon  them. 

The  arrangement  of  the  difierent  parts  composing  the  <ympan»m 
is  of  the  greatest  importance  for  the  perfect  enjoyment  of  the  sense 
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of  hearing.  For  the  air  on  the  two  aides  of  the  membrane  of  the 
tympanum  should  be  in  the  same  condition  of  elasticity  in  order  to 
allow  of  the  proper  vibration  of  the  membrane ;  and  this  equilibrium 
would  be  liable  to  disturbance  if  the  air  within  the  tympanum  were 
completely  confined,  while  that  outside  is  subjected  to  variationa 
of  barometric  pressure.  By  means  of  the  Eustachian  tube,  bow- 
erer,  a  communication  is  established  between  the  cavity  of  the 
tympanum  and  the  exterior,  and  the  free  vibration  of  the  membrane 
is  thus  aecared. 

The  exact  tension  of  the  membrana  tympani  itself  ia  also  provided 
for,  08  we  have  already  observed,  by  the  action  of  the  two  muscles 
inserted  iato  the  malleus  and  the  stapes.  By  the  contraction  of 
the  internal  muscle  of  the  malleus,  or  tenaor  tympani,  the  membrane 
of  the  tympanum  is  drawu  inward  and  rendered  more  tense  than 
usual.  The  action  of  the  atapeditu  muscle  is  by  some  thought  to 
relax  the  membrana  tympani,  by  others  to  assist  in  the  tension 
both  of  this  membrane  and  that  of  the  foramen  ovale,  to  which 
the  stapes  is  attached.  But  there  is  no  doubt  that  both  these  mus- 
cles, by  their  combined  or  alternate  action,  can  regulate  the  tension 
of  the  tympanic  membrane,  to  an  extraordinary  degree  of  nicety, 
and  thus  increase  the  ease  and  delicacy  with  which  various  sounds 
are  distinguished.  For  if  the  membrane  be  bo  put  upon  the  stretch 
that  its  fundamental  note  shall  be  the  same  with  that  of  the  sound 
which  is  to  be  heard,  it  will  vibrate  more  readily  in  consonance 
with  the  undulations  of  the  atmosphere,  and  the  sound  will  be 
more  distinctly  beard.  On  the  contrary,  if  the  membrane  be  too 
highly  stretched,  very  grave  sounds  may  not  be  heard  at  all,  until 
its  tension  is  diminished  to  the  reijuisite  degree. 

Contrary  to  what  is  sometimes  asserted,  the  communication  of 
sonorous  impulses  to  the  internal  ear  is  accomplished  altogether  by 
means  of  t/ie  tym]Xinum  and  chain  of  bones.  It  has  been  thought  tliat 
sounds  were  transmitted,  in  many  instances,  directly  to  the  internal 
ear  by  the  medium  of  the  cranial  bones.  This  was  inferred  from 
such  facts  as  the  following.  If  a  tuning-fork,  in  vibration,  be  taken 
between  the  teeth,  its  sound  will  appear  very  much  louder  than 
if  it  were  simply  held  near  the  external  ear;  and  li,  while  it  is  so 
held,  one  of  the  ears  be  closed,  the  sound  will  appear  very  much 
louder  on  that  aide  than  on  the  other.  The  sound  will  also  be  heard 
if  the  tuning-fork  be  applied  to  the  apper  part  of  the  cranium  or 
the  mastoid  process  n 
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both  closed,  and  the  sound  is  much  loader  with  the  ears  closed 
than  open. 

These  are  the  facts  which  have  led  to  the  belief  that,  in  such 
instances^  the  sound  was  communicated  directly  through  the  bones 
of  the  heady  vibrating  in  consonance  with  the  sounding  body.  But 
a  little  examination  will  show  that  such  is  not  the  case.  When  we 
hold  the  eud  of  a  vibrating  tuning-fork  between  the  teeth,  we  no 
longer  hear  the  sound  in  the  vibrating  extremity  of  the  instrument 
or  its  neighborhood,  but  in  the  mouth  and  Uie  nasal  fossce.  It  is  the 
vibration  of  the  air  in  these  passages  which  produces  the  sound ; 
and  this  vibration  is  communicated  to  the  cavity  of  the  tympanum 
through  the  Eustachian  tube.  The  apparent  increase  of  sound,  also^ 
on  closing  the  ears,  which  could  not  be  explained  on  the  supposition 
that  it  was  conducted  directly  through  the  bones  of  the  cranium, 
is  due  to  the  same  cause.  For  it  can  easily  be  seen,  on  trying  the 
experiment^  either  with  a  tuning-fork  held  between  the  teeth  or 
simply  with  our  own  voices,  that  this  apparent  increase  of  sound 
takes  place  only  when  the  ears  are  closed  by  gentle  pressure.  K  the 
pressure  be  excessive,  so  that  the  integument  is  forced  inward  into 
the  meatus  and  the  air  in  the  meatus  subjected  to  undue  compres- 
sion, the  sound  no  longer  appears  louder  in  the  corresponding  ear, 
and  may  even  be  lost  altogether. 

The  apparent  increase  of  sound,  therefore,  in  such  cases,  when 
the  ear  is  gently  closed,  is  due  to  the  fact  that  the  meatus  is  thus 
converted  into  a  reverberatory  cavity,  by  which  the  vibrations  of 
the  tympanum  are  increased  in  intensity.  But  if  the  air  in  the 
meatus  be  too  much  compressed  by  forcible  closure,  the  vibrations 
of  the  tympanum  are  then  interfered  with  and  the  sound  is  dimi- 
nished or  destroyed. 

In  all  cases,  then,  it  is  the  sonorous  vibrations  of  the  air  which 
produce  the  sound,  and  these  vibrations  are  received  invariably  by 
the  membrane  of  the  tympanum,  and  thence  transmitted  to  the 
internal  ear  by  the  chain  of  bones.  The  cranial  bones  are  incapable 
of  communicating  these  vibrations  to  the  labyrinth  and  its  contents, 
except  very  faintly  and  imperfectly.  For  common  experience  shows 
that  even  the  loudest  and  sharpest  sounds,  coming  from  without, 
are  almost  entirely  lost  on  closing  the  external  ears ;  and  our  own 
respiratory  and  cardiac  sounds,  which  are  so  easily  heard  as  soon 
as  the  chest  is  connected  with  the  ear  by  a  flexible  stethoscope,  are 

tirely  inaudible  to  us  in  the  usual  condition. 

The  exact  function  of  the  different  parts  of  the  internal  ear  is 
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not  well  understood.  It  has  been  thought  to  be  the  office  of  the 
semicircular  canals  to  determine  the  direction  from  which  the  sono- 
rous impulses  are  propagated.  This  opinion  was  based  upon  the 
curious  fact  that  these  canals,  always  three  in  number,  are  placed 
in  such  positions  as  to  correspond  with  the  three  different  directions 
of  vertical  height^  lateral  extension,  and  longitudinal  extension ; 
for  one  of  them  is  nearly  vertical  and  transverse,  another  vertical 
and  longitudinal,  and  the  third  horizontal  in  position.  The  sono- 
rous impulses,  therefore,  coming  in  either  of  these  directions,  would 
be  received  by  only  one  of  the  semicircular  canals  (by  direct  con- 
duction through  the  bones  of  the  head)  perpendicularly  to  its  own 
plane;  and  an  intermediate  direction,  it  was  thought,  might  be 
appreciated  by  the  combined  effect  of  the  impulse  upon  two  adja- 
cent canals. 

Enough  has  already  been  said,  however,  in  regard  to  the  com- 
munication of  sound  directly  through  the  bones  of  the  head  to  the 
internal  ear,  to  show  that  this  cannot  be  the  way  in  which  the  direc- 
tion of  sound  is  ascertained.  Indeed,  when  we  hear  any  loud  and 
well-marked  sound  coming  from  a  particular  region,  such  as  the 
music  of  a  military  band  or  the  whistle  of  a  locomotive,  we  have  only 
to  close  the  external  ears  to  lose  our  perception  both  of  the  sound 
and  its  direction.  The  direction  of  sonorous  impressions  is  appre- 
ciated in  a  different  way.  In  the  first  place,  we  feel  that  the  sound 
comes  from  one  side  or  the  other,  by  its  making  a  more  distinct 
impression  on  one  ear  than  the  opposite;  and  by  inclining  the 
head  slightly  in  various  directions,  we  easily  ascertain  whether  the 
sound  becomes  more  or  less  acute,  and  so  judge  of  its  actual  source. 
Many  of  the  lower  animals,  whose  ears  are  very  large  and  movable, 
use  this  method  to  great  extent.  A  horse,  for  example,  when  upon 
the  road,  often  keeps  his  ears  in  constant  motion,  feeling,  as  it  were, 
in  the  distance,  for  the  origin  of  the  various  sounds  which  excite 
his  attention. 

Beside  the  above,  we  are  further  assisted  in  our  judgment  of  the 
direction  of  sounds  by  our  previous  knowledge  of  the  localities, 
the  direction  of  the  wind,  and  the  manner  in  which  the  sound  is 
reflected  by  surrounding  objects.  When  these  sources  of  informa- 
tion fail  us,  we  are  often  at  a  loss.  It  is  notoriously  difficult,  for 
example,  to  judge  of  the  place  of  the  chirping  of  a  cricket  in  a 
perfectly  closed  room,  or  of  the  direction  of  a  bell  heard  on  the 
water  in  a  thick  fog. 

The  sense  of  hearing  has  a  much  closer  analogy  with  ordinary 
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fiensibility  than  that  of  sight.  Thus,  in  the  first  plaoe^  hearing  is 
accomplished  by  the  direct  intervention  and  contact  of  a  material 
body — the  atmosphere;  for  sonorous  impulses  cannot  be  produced 
in  a  vacuum,  and  we  hear  no  sound  from  a  bell  rung  under  an 
exhausted  receiver.  Secondly,  the  nature  of  the  impressions  pro- 
duced by  sound  is  such  that  we  can  often  describe  them  by  the 
same  terms  which  are  applied  to  ordinary  sensations.  Thus,  we 
speak  of  sounds  as  sharp  and  dull,  piercing,  smooth,  or  rough ;  and 
we  feel  the  impulse  of  a  sudden  and  violent  explosive  sound,  like 
that  of  a  blow  upon  the  tympanum. 

By  this  sense,  therefore,  we  distinguish  the  quality,  intensity, 
pitch,  duration,  and  direction  of  sonorous  impulses.  The  delicacy 
with  which  these  distinctions  are  appreciated  varies  considerably 
in  difierent  individuals ;  and  in  difierent  kinds  of  animals  there  is 
reason  to  believe  that  the  diversity  is  much  greater,  some  of  them 
being  almost  insensible  to  sounds  which  are  readily  perceived  by 
others.  In  man,  the  number  and  variety  of  tones  which  can  usually 
be  discriminated  is  very  great ;  and  this  sense,  accordingly,  in  the 
complication  and  finish  of  its  apparatus,  and  the  perfection  and  deli- 
cacy of  its  action,  must  be  regarded  as  second  only  to  that  of  vision. 

On  the  Senses  in  General. — ^There  are  several  facts  connected 
with  the  operation  of  the  senses,  both  general  and  special,  which 
are  common  to  all  of  them,  and  which  still  remain  to  be  considered. 
In  the  first  place,  an  impression  of  any  kind,  made  upon  a  sensi* 
tive  organ,  remains  for  a  time  after  (he  removal  of  its  exciting  cause. 
We  have  already  noticed  this  in  regard  to  the  senses  of  taste,  smell, 
and  sight,  but  it  is  equally  true  of  the  hearing  and  the  touch. 
Thus,  if  the  skin  be  touched  with  a  piece  of  ice,  the  acute  sensa- 
tion remains  for  a  few  seconds,  whether  the  ice  be  removed  or  not 
For  the  higher  order  of  the  special  senses,  the  time  during  which 
this  secondary  impression  remains  is  a  shorter  one.  In  the  case  of 
hearing,  however,  it  has  been  measured  with  a  tolerable  approach 
to  accuracy ;  for  it  has  been  found  that,  if  the  sonorous  undulations 
follow  each  other  with  a  greater  rapidity  than  sixteen  times  per 
second,  they  become  fused  together  into  a  continuous  sound,  pro- 
ducing upon  the  ear  the  impression  of  a  musical  note.  The  varjring 
pitch  of  the  note  depends  upon  the  rapidity  with  which  the  vibra- 
tions succeed  each  other.  When  the  succession  of  vibrations  is 
very  rapid,  a  high  note  is  the  result,  and  when  comparatively  slow, 
a  low  note  is  produced ;  but  when  the  number  of  impulses  falls 
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below  sixteen  per  aeeond^  we  then  b^gin  to  peroeive  the  distinct 
vibrations,  and  so  lose  the  impression  of  a  continuous  note. 

All  the  senses,  in  the  second  plaoe^  become  ctectistomed  to  a  eon- 
tinued  impreesion,  so  that  they  no  longer  perceive  its  existence. 
Thus,  if  a  perfectly  uniform  pressure  be  exerted  upon  any  part  of 
the  body,  the  compressing  substance  after  a  time  fails  to  excite  any 
sensation  in  the  skin,  and  we  remain  unconscious  of  its  existence. 
In  order  to  attract  our  notice,  it  is  then  necessary  to  increase  or 
diminish  the  pressure ;  while,  so  long  as  this  remains  uniform,  no 
effect  is  perceived.  But  if,  after  the  skin  has  thus  become  accus- 
tomed to  its  presence,  the  foreign  body  be  suddenly  removed,  our 
attention  is  then  immediately  excited,  and  we  notice  the  absence  of 
an  impression,  in  the  same  way  as  if  it  were  a  positive  sensation. 

We  all  know  how  rapidly  we  become  habituated  to  odors,  whether 
agreeable  or  disagreeable  in  their  nature,  in  the  oonfiaed  air  of  a 
close  apartment;  although,  on  first  entering  from  without  our 
attention  may  have  been  attracted  by  them  in  a  very  decided 
manner.  A  continuous  and  uniform  sound,  also,  like  the  steady 
rumbling  of  carriages,  or  the  monotonous  hissing  of  boiling  water, 
becomes  after  a  time  inaudible  to  us;  but  as  soon  as  the  sound 
ceases,  we  notice  the  alteration,  and  our  attention  is  at  once  excited. 
The  senses,  accordingly,  receive  their  stimulus  more  from  the  varia- 
tions and  contrasts  of  external  impressions,  than  from  these  impres- 
sions themselves. 

Another  important  particular,  in  regard  to  the  senses,  is  their 
capacity  for  education.  The  proofs  of  this  are  too  common  and  too 
apparent  to  need  more  than  a  simple  allusion.  The  touch  may  be 
so  trained  that  the  blind  may  read  words  and  sentences  by  its  aid, 
in  raised  letters,  where  an  ordinary  observer  would  hardly  detect 
anything  more  than  a  barely  distinguishable  inequality  of  surface. 
The  educated  eye  of  the  artist,  or  the  naturalist,  will  distinguish 
variations  of  color,  size,  and  outline,  altogether  inappreciable  to 
ordinary  vision ;  and  the  senses  of  taste  and  smell,  in  those  who  are 
in  the  habit  of  examining  wines  and  perfumes,  acquire  a  similar 
superiority  of  discriminating  power. 

In  these  instances,  however,  it  is  not  probable  that  the  organ  of 
sense  itself  becomes  any  more  perfect  in  organization,  or  more 
susceptible  to  sensitive  impressions.  The  increased  functional 
power,  developed  by  cultivation,  depends  rather  upon  the  greater 
delicacy  of  the  perceptive  and  discriminative  faculties.  It  is  a  menuil 
and  not  a  physical  superiority  which  gives  the  painter  or  the 
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naturalist  a  greater  power  of  distinguishing  colors  and  outlines^ 
and  which  enables  the  physician  to  detect  nice  variations  of  quality 
in  the  sounds  of  the  heart  or  the  respiratory  murmur  of  the  lungs. 
The  impressions  of  external  objects^  therefore,  in  order  to  produce 
their  complete  efiTect^  must  first  be  received  by  a  sensitive  appa- 
ratus, which  is  perfect  in  organization  and  functional  activity; 
and,  secondly,  these  impressions  must  be  subjected  to  the  action  of 
an  intelligent  perception,  by  which  their  nature,  source  and  rela- 
tions may  be  fully  appreciated. 

That  part  of  the  nervous  system  which  we  have  hitherto 
studied,  viz.,  the  cerebro-spinal  system,  consists  of  an  apparatus  of 
nerves  and  ganglia,  destined  to  bring  the  individual  into  relation 
with  the  external  world.  By  means  of  the  special  senses,  he  is 
made  cognizant  of  sights,  sounds,  taste,  and  odors,  by  which  he 
is  attracted  or  repelled,  and  which  guide  him  in  the  pursuit  and 
choice  of  food.  By  the  general  sensations  of  touch  and  the  volun- 
tary movements,  he  is  enabled  to  alter  at  will  his  position  and 
location,  and  to  adapt  them  to  the  varying  conditions  under  which 
he  may  be  placed.  The  great  passages  of  entrance  into  the  body, 
and  of  exit  from  it,  are  guarded  by  the  same  portion  of  the  nerv- 
ous system.  The  introduction  of  food  into  the  mouth,  and  its 
passage  through  the  oesophagus  to  the  stomach,  are  regulated  by 
the  same  nervous  apparatus ;  and  even  the  passage  of  air  through 
the  larynx,  and  its  penetration  into  the  lungs,  are  equally  under 
the  guidance  of  sensitive  and  motor  nerves  belonging  to  the 
cerebro-spinal  system. 

It  will  be  observed  that  the  above  functions  relate  altogether 
either  to  external  phenomena  or  to  the  simple  introduction  into  the 
body  of  food  and  air,  which  are  destined  to  undergo  nutritive 
changes  in  the  interior  of  the  frame. 

If  we  examine,  however,  the  deeper  regions  of  the  body,  we  find 
located  in  them  a  series  of  internal  phenomena,  relating  only  to 
the  substances  and  materials  which  have  already  penetrated  into 
the  frame,  and  which  form  or  are  forming  a  part  of  its  structure. 
These  are  the  purely  vegetative  functions,  as  they  are  called ;  or 
those  of  growth,  nutrition,  secretion,  excretion,  and  reproduction. 
These  functions,  and  the  organs  to  which  they  belong,  are  not 
under  the  direct  influence  of  the  cerebro-spinal  nerves,  but  are 
regulated  by  another  portion  of  the  nervous  system;  viz.,  the 
"  ganglionic  system ;"  or,  as  it  is  more  commonly  called,  the  "  sys- 
tem of  the  great  sympathetic." 
33 
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CHAPTER    VII. 

SYSTEM  OF  THE  GREAT  SYMPATHETIC. 

The  sympathetio  system  consists  of  a  double  chain  of  nervous 
ganglia,  running  from  the  anterior  to  the  posterior  extremity  of  the 
body,  along  the  front  and  sides  of  the  spinal  column,  and  connected 
with  each  other  by  slender  longitudinal  filaments.  Each  ganglion 
is  reinforced  by  a  motor  and  sensitive  filament  derived  from  the 
cerebrospinal  system,  and  thus  the  organs  under  its  influence  are 
brought  indirectly  into  communication  with  external  objects  and 
phenomena.  The  nerves  of  the  great  sympathetic  are  distributed 
to  organs  over  which  the  consciousness  and  the  will  have  no  imme- 
diate control,  as  the  intestine,  kidneys,  heart,  liver;  &c. 

The  first  sympathetic  ganglion  in  the  head  is  the  ophthalmic  gan- 
glion.  This  ganglion  is  situated  within  the  orbit  of  the  eye,  on  the 
outer  aspect  of  the  optic  nerve.  It  communicates  by  slender  fila- 
ments with  the  carotid  plexus,  which  forms  the  continuation  of  the 
sympathetic  system  from  below ;  and  receives  a  motor  root  from 
the  oculo-motorius  nerve,  and  a  sensitive  root  from  the  ophthalmic 
branch  of  the  fifth  pair.  Its  filaments  of  distribution,  known  as  the 
"  ciliary  nerves,"  pass  forward  upon  the  eyeball,  pierce  the  sclerotic, 
and  finally  terminate  in  the  iris. 

The  next  division  of  the  great  sympathetic  in  the  head  is  the 
spheno-palatine  ganglion,  situated  in  the  spheno-maxillary  fossa.  It 
communicates,  like  the  preceding,  with  the  carotid  plexus,  and 
receives  a  motor  root  from  the  facial  nerve,  and  a  sensitive  root 
from  the  superior  maxillary  branch  of  the  fifth  pair.  Its  filaments 
are  distributed  to  the  levator  palati  and  azygos  uvulse  muscles,  and 
to  the  mucous  membrane  about  the  posterior  nares. 

The  third  sympathetic  ganglion  in  the  head  is  the  suhmaxillary, 
situated  upon  the  submaxillary  gland.  It  communicates  with  the 
superior  cervical  ganglion  of  the  sympathetic  by  filaments  which 
accompany  the  facial  and  external  carotid  arteries.  It  derives  its 
sensitive  filaments  from  the  lingual  branch  of  the  fifth  pair,  and  its 
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motor  filamenta  from  the  facial  nerve,  by  ineaiu  of  the  cliorJa 
tympani.  Its  branches  of  distribution  paaa  to  the  sides  of  the  tongue 
anii  to  tbe  submaxillary  and  sublingual  glands. 

The  last  sympathetic  ganglion  in  the  bead  is  the  oUc  ganglion. 
It  is  situated  just  beneath  the 

base  of  the  skuU,  on  the  inner  Fig.  iflB. 

aide  of  the  third  division  of 
the  fijlh  pair.  It  sends  tlla- 
menls  of  communication  to 
the  carotid  ploxus;  and  re- 
ceives a  motor  root  from  the 
facial  nerve,  and  a  sensitive 
root  from  the  inferior  maxil- 
lary division  of  the  fifth  pair. 
Its  branches  are  sent  to  the 
internal  muscle  of  the  mal- 
leus in  the  middle  ear  (tensor 
tympani),  and  to  the  mucous 
membrane  of  the  tympanum 
and  Eustachian  tube. 

The  continuation  of  the 
By  mpalhetio  nerve  in  the  neck 
consists  of  two  and  some- 
times three  ganglia,  the  su- 
perior, middle,  and  inferior. 
These  ganglia  communicate 
with  each  other,  and  also 
with  the  anterior  branuhes 
of  the  cervical  spinal  nerves. 
Their  filaments  follow  the 
course  of  the  carotid  artery 
and  its  branches,  covering 
them  with  a  network  of  inter- 
lacing fibres,  and  are  finally 
distributed  to  the  substance  of 
the  thyroid  gland,  and  to  the 
walls  of  the  larynx,  trachea,  Tmni:. 
pLarynx,     and     oesophagus. 

By  the  superior,  middle,  and  inferior  cardiac  nerves,  they  also  supply 
sympathetic  fibres  to  the  cardiac  plexuses  and  to  the  aubstance  of 
the  heart. 
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In  the  chest,  the  ganglia  of  the  sympathetic  nerve  are  situated  on 
each  side  the  spinal  column,  just  over  the  heads  of  the  fihs,  with 
which  they  accordingly  correspond  in  number.  Their  communi- 
cations with  the  intercostal  nerves  are  double ;  each  sympathetio 
ganglion  receiving  two  filaments  from  the  intercostal  nerve  next 
above  it.  The  filaments  originating  from  the  thoracic  ganglia  are 
distributed  upon  the  thoracic  aorta,  and  to  the  lungs  and  oesophagus. 

In  the  abdomen,  the  continuation  of  the  sympathetic  system  con- 
sists principally  of  the  aggregation  of  ganglionic  enlargements 
situated  upon  the  coeliac  artery,  known  as  the  semilunar  or  cceliac 
ganglion.  From  this  ganglion  a  multitude  of  radiating  and  inoscu- 
lating branches  are  sent  out,  which,  from  their  diverging  course  and 
their  common  origin  from  a  central  mass,  are  termed  the  "solar 
plexus."  Fro;n  this,  other  diverging  plexuses  originate,  which 
accompany  the  abdominal  aorta  and  its  branches,  and  are  distri- 
buted to  the  stomach,  small  and  large  intestine,  spleen,  pancreas, 
liver,  kidneys,  supra-renal  capsules,  and  internal  organs  of  gene- 
ration. 

Beside  the  above  ganglia  there  are  in  the  abdomen  four  other 
pairs,  situated  in  front  of  the  lumbar  vertebrae,  and  having  similar 
connections  with  those  occupying  the  cavity  of  the  chest.  Their 
filaments  join  the  plexuses  radiating  from  the  semilunar  ganglion. 

In  the  pelvis,  the  sympathetic  system  is  continued  by  four  or  five 
pairs  of  ganglia,  situated  on  the  anterior  aspect  of  the  sacrum,  and 
terminating,  at  the  lower  extremity  of  the  spinal  column,  in  a  single 
ganglion,  the  "  ganglion  impar,"  which  is  probably  to  be  regarded 
as  a  fusion  of  two  separate  ganglia. 

The  entire  sympathetic  series  is  in  this  way  composed  of  nume- 
rous small  ganglia  wbich  are  connected  throughout,  first,  with  each 
other ;  secondly,  with  the  cerebro-spinal  system ;  and  thirdly,  with 
the  internal  viscera  of  the  body. 

The  properties  and  functions  of  the  great  sympathetic  have  been 
less  successfully  studied  than  those  of  the  cerebro-spinal  system, 
owing  to  the  anatomical  difficulties  in  the  way  of  reaching  and 
operating  upon  this  nerve  for  purposes  of  experiment.  The  cerebro- 
spinal axis  and  its  nerves  are  easily  exposed  and  subjected  to  exami- 
nation. It  is  also  easy  to  isolate  particular  portions  of  this  system, 
and  to  appreciate  the  disturbances  of  sensation  and  motion  conse- 
quent upon  local  lesions  or  irritations.  The  phenomena,  further- 
more, which  result  from  experiments  upon  this  part  of  the  nervous 
apparatus,  are  promptly  produced,  are  well-marked  in  character, 
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and  are,  as  a  general  rule,  readily  understood  by  the  experimenter. 
On  the  other  hand,  the  principal  part  of  the  sympathetic  system  is 
situated  in  the  interior  of  fche  chest  and  abdomen ;  and  the  mere 
operation  of  opening  these  cavities,  so  as  to  reach  the  ganglionic 
centres,  causes  such  a  disturbance  in  the  functions  of  vital  organs^ 
and  such  a  shock  to  the  system  at  large,  that  the  results  of  these 
experiments  have  been  always  more  or  less  confused  and  unsatis- 
£Eu;tory.  Furthermore,  the  connections  of  the  sympathetic  ganglia 
with  each  other  and  with  the  cerebro-spinal  axis  are  so  numerous 
and  so  scattered,  that  these  ganglia  cannot  be  completely  isolated 
without  resorting  to  an  operation  still  more  mutilating  and  injuri- 
ous in  its  character.  And  finally*  the  sensible  phenomena  which 
are  obtained  by  experimenting  on  the  great  sympathetic  are,  in 
the  majority  of  cases,  slow  in  making  their  appearance,  and  not 
particularly  striking  or  characteristic  in  their  natute. 

Notwithstanding  these  difficulties,  however,  some  facts  have  been 
ascertained  with  regard  to  this  part  of  the  nervous  system,  which 
give  us  a  certain  degree  of  insight  into  its  character  and  functions. 

The  great  sympathetic  is  endowed  both  with  sensibility  and  the 
power  of  exciting  motion;  but  these  properties  are  less  active 
here  than  in  the  cerebro-spinal  system,  and  are  exercised  in  a  dif- 
ferent manner.  If  we  irritate,  for  example,  a  sensitive  nerve  in 
one  of  the  extremities,  or  apply  the  galvanic  current  to  the  poste- 
rior root  of  a  spinal  nerve,  the  evidences  of  pain  or  of  reflex 
action  are  acute  and  instantaneous.  There  is  no  appreciable  inter- 
val between  the  application  of  the  stimulus  and  the  sensations 
which  result  from  it.  On  the  other  hand,  experimenters  who  have 
operated  upon  the  sympathetic  ganglia  and  nerves  of  the  chest  and 
abdomen  find  that  evidences  of  sensibility  are  distinctly  manifested 
here  also,  but  much  less  acutely,  and  only  after  somewhat  prolonged 
application  of  the  irritating  cause.  These  results  correspond  very 
closely  with  what  we  know  of  the  vital  properties  of  the  organs 
which  are  supplied  either  principally  or  exclusively  by  the  sym- 
pathetic; as  the  liver,  intestine,  kidneys,  &c.  These  organs  are 
insensible,  or  nearly  so,  to  ordinary  impressions.  "We  are  not  con- 
scious of  the  changes  and  operations  going  on  in  them,  so  long  as 
these  changes  and  operations  retain  their  normal  character.  But 
they  are  still  capable  of  perceiving  unusual  or  excessive  irritations^ 
and  may  even  become  exceedingly  painful  when  in  a  state  of  in- 
flammation. 

There  is  the  same  peculiar  character  in  the  action  of  the  motor 
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nerves  belonging  to  the  sympathetic  system.  If  the  facial  or  hypo- 
glossal, or  the  anterior  root  of  a  spinal  nerve  bo  irritated,  the  con- 
vulsive movement  which  follows  is  instantaneous,  violent,  and  only 
momentary  in  its  duration.  But  if  the  semilunar  ganglion  or  its 
nerves  be  subjected  to  a  similar  experiment,  no  immediate  eflFect  is 
produced.  It  is  only  after  a  few  seconds  that  a  slow,  vermicular, 
progressive  contraction  takes  place  in  the  corresponding  part  of  the 
intestine,  which  continues  for  some  time  after  the  exciting  cause 
has  been  removed. 

Morbid  changes  taking  place  in  organs  supplied  by  the  sympa- 
thetic present  a  similar  peculiarity  in  the  mode  of  their  produc- 
tion. If  the  body  be  exposed  to  cold  and  dampness,  for  example, 
congestion  of  the  kidneys  shows  itself  perhaps  on  the  following 
day.  Inflammation  of  any  of  the  internal  organs  is  very  rarely 
established  within  twelve  or  twenty-four  hours  after  the  application 
of  the  exciting  cause.  The  internal  processes  of  nutrition,  together 
with  their  derangements,  which  are  regarded  as  especially  under 
the  control  of  the  great  sympathetic,  always  require  a  longer  time 
to  be  influenced  by  incidental  causes,  than  those  which  arc  regulated 
by  the  nerves  and  ganglia  of  the  cerebro-spinal  system. 

In  the  head,  the  sympathetic  has  a  close  and  important  connec- 
tion with  the  exercise  of  the  special  senses.  This  is  illustrated 
more  particularly  in  the  case  of  the  eye,  by  its  influence  over  the 
alternate  expansion  and  contraction  of  the  pupil.  The  ophthalmic 
ganglion  sends  off  a  number  of  ciliary  nerves,  which  are  distributed 
to  the  iris.  It  is  connected,  as  we  have  seen,  with  the  remaining 
sympathetic  ganglia  in  the  head,  and  receives,  beside,  a  sensitive 
root  from  the  ophthalmic  branch  of  the  fifth  pair,  and  a  motor  root 
from  the  oculo-motorius.  The  reflex  action  by  which  the  pupil 
contracts  under  a  strong  light  falling  upon  the  retina,  and  expands 
under  a  diminution  of  light,  takes  place,  accordingly,  through  this 
ganglion.  The  impression  conveyed  by  the  optic  nerve  to  the 
tubcrcula  quadrigemina,  and  reflected  outward  by  the  fibres  of 
the  oculo-motorius,  is  not  transmitted  directly  by  the  last  named 
nerve  to  the  iris ;  but  passes  first  to  the  ophthalmic  ganglion,  and 
is  thence  conveyed  to  its  destination  by  the  ciliary  nerves. 

The  reflex  movements  of  the  iris  exhibit  consequently  a  some- 
what sluggish  character,  which  indicates  the  intervention  of  a  part 
of  the  sympathetic  system.  The  changes  in  the  size  of  the  pupil 
do  not  take  place  instantaneously,  with  the  variation  in  the  amount 
of  light,  but  always  require  an  appreciable  interval  of  time.     If 


8YSTB1I   OF  THE   GREAT   SYMPATHBTtC.  519 

we  pass  suddenly  from  a  brilliaiitly  lighted  apartment  Into  a  dark 
room,  we  are  unable  to  distinguish  surrounding  objects  until  a 
certain  time  has  elapsed,  and  the  expansion  of  the  pupil  has  taken 
place ;  and  vision  even  continues  to  grow  more  and  more  distinct 
for  a  considerable  period  afterward,  as  the  expansion  of  the  pupil 
becomes  more  complete.  Again,  if  we  cover  the  eyes  of  another 
person  with  the  hand  or  a  folded  cloth,  and  then  suddenly  expose 
them  to  the  light,  we  shall  find  that  the  pupil,  which  is  at  first 
dilated,  contracts  somewhat  rapidly  to  a  certain  extent,  and  after- 
ward continues  to  diminish  in  size  during  several  seconds,  until  the 
proper  equilibrium  is  fairly  established.  Furthermore,  if  we  pass 
suddenly  from  a  dark  room  into  the  bright  sunshine,  we  are  imme- 
diately conscious  of  a  painful  sensation  in  the  eye,  which  lasts  for 
a  considerable  time ;  and  which  results  from  the  inability  of  the 
pupil  to  contract  with  sufficient  rapidity  to  shut  out  the  excessive 
amount  of  light.  All  such  exposures  should  be  made  gradually, 
so  that  the  movements  of  the  iris  may  keep  pace  with  the  varying 
quantity  of  stimulus,  and  so  protect  the  eye  &om  injurious  impres- 
sions. 

The  reflex  movements  of  the  iris,  however,  though  accomplished 
through  the  medium  of  the  ophthalmic  ganglion,  derive  their 
original  stimulus,  through  the  motor  root  of  this  ganglion,  from 
the  oculo-motorius  nerve.  For  it  has  been  found  that  if  the  oculo* 
motorius  nerve  be  divided  between  the  brain  and  the  eyeball,  the 
pupil  becomes  immediately  dilated,  and  will  no  longer  contract 
under  the  influence  of  light.  The  motive  power  originally  derived 
from  the  brain  is,  therefore,  in  the  case  of  the  iris,  modified  by 
passing  through  one  of  the  sympathetic  ganglia  before  it  reaches 
its  final  destination. 

An  extremely  interesting  fact  in  this  connection  is  the  following. 
Of  the  three  organs  of  special  sense  in  the  head,  viz.,  the  eye,  the 
nose,  and  the  ear,  each  one  is  provided  with  two  sets  of. muscles, 
superficial  and  deep,  which  together  regulate  the  quantity  of  stimu- 
lus admitted  to  the  organ,  and  the  mode  in  which  it  is  received. 
The  superficial  set  of  these  muscles  is  animated  by  branches  of  the 
facial  nerve ;  the  deep-seated  or  internal  set,  by  filaments  from  a 
sympathetic  ganglion. 

Thus,  the  front  of  the  eyeball  is  protected  by  the  orbicularis  and 
levator  palpebrse  superioris  muscles,  which  open  or  close  the  eye- 
lids at  will,  and  allow  a  larger  or  smaller  quantity  of  light  to  reach 
the  cornea.    These  muscles  are  supplied  by  the  oculo-motorius  and 
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facial  nerves,  and  are  for  the  most  part  voluntary  io  their  aetioa. 

The  iria,  on  the  other  hand,  is  a  more  deeply-seated  muscular 
curtain,  which  regulates  the  quantity  of  light  admitttid  through  the 
pupil.  There  is  also  the  ciliary  muscle,  wbicli  regulates  the  position 
of  the  crystalline  lens,  and  secures  a  correct  focusing  of  the  Hghtt 
at  different  distances.  Both  these  muscles  arc  supplied,  as  we  hav« 
seen,  by  filaments  from  the  ophthalmic  ganglion,  and  their  move- 
ments are  involuntary  in  character. 

In  the  olfactory  apparatus,  the  anterior  or  superficial  set  of 
muscles  are  the  compressors  and  elevators  of  the  alie  nasi,  which 
are  animated  by  filaments  of  the  facial  nerve.  By  their  action, 
odoriferous  vapors,  when  faint  and  delicate  in  their  character,  are 
snuffed  up  and  directed  into  tbe  upper  part  of  the  na&il  poesagess 
wltere  they  come  in  contact  with  the  most  sensitive  portions  of  the 
olfactory  membrane;  or,  if  too  pungent  or  disagreeable  in  flavor, 
are  excluded  from  entrance.  These  muscles  are  not  very  im- 
portant or  active  in  the  human  subject;  but  in  many  of  the  low« 
animals  with  a  more  active  and  powerful  sense  of  smell,  as,  for 
example,  the  carnivora,  they  may  be  seen  to  play  a  very  important 
part  in  the  mechanism  of  olfaction.  Furthermore,  the  levators  and 
depressors  of  the  velum  palati,  which  are  more  deeply  situated, 
serve  to  open  or  close  the  orifice  of  the  posterior  nares,  and  accom- 
plish a  similar  office  with  the  muscles  already  named  in  front.  The 
levator  palati  and  azygos  uvulae  muscles,  which,  by  their  action, 
tend  to  close  the  posterior  nares,  are  supplied  by  filaments  from  the 
spheno-palatine  ganglion,  and  are  involuntary  in  their  character. 

The  ear  has  two  similar  sets  of  uiuscles,  similarly  supplied.  The 
first,  or  superficial  set,  are  those  moving  the  external  ear,  viz.,  the 
anterior,  superior,  and  posterior  auriculares.  Like  the  muscles  of 
the  anterior  nares,  they  are  comparatively  inactive  in  man,  but  in 
many  of  the  lower  animals  are  well  developed  and  important.  In 
the  horse,  the  deer,  the  sheep,  &c.,  they  turn  the  ear  in  various 
directions  so  as  to  catch  more  distinctly  faint  and  distant  sounds,  or 
to  exclude  those  which  are  harsh  and  disagreeable.  These  muscles 
are  supplied  by  filaments  of  the  facial  nerve,  and  are  voluntary  in 
their  action. 

The  deep-seated  set  are  the  muscles  of  the  middle  ear.  In  order^ 
to  understand  their  action,  we  must  recollect  that  sounds  are  trsus- 
mitted  from  the  external  to  the  middle  ear  through  the  membrane 
of  the  tympanum,  which  vibrates,  like  the  head  of  a  drum,  on 
receiving  sonorous  impulses  from  without. 
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The  membrane  of  the  tympanum,  accordingly,  which  is  an  elastic 
sheet,  stretched  across  the  passage  to  the  internal  ear,  may  be  made 
more  or  less  sensitive  to  sonorous  impressions  by  varying  its  con- 
dition of  tension  or  relaxation.  This  condition  is  regulated,  as  we 
have  already  seen,  by  the  combined  action  of  the  two  muscles  of 
the  middle  ear,  viz.,  the  tensor  tympani  and  the  stapedius.  The 
first  named  muscle,  the  action  of  which  is  perfectly  well  understood, 
is  supplied  with  nervous  filaments  from  the  otic  ganglion  of  the 
sympathetic.  By  its  contraction,  the  handle  of  the  malleus  is  drawn 
inward,  bringing  the  membrana  tympani  with  it,  and  putting  this 
cnembrane  upon  the  stretch.  On  the  relaxation  of  the  muscle,  the 
chain  of  bones  returns  to  its  ordinary  position,  by  the  elasticity  of 
the  neighboring  parts,  and  the  previous  condition  of  the  tympanic 
membrane  is  restored.  This  action,  so  far  as  we  can  judge,  is  purely 
involuntary.  But  the  stapedius  muscle  is  separately  supplied  by  a 
minute  branch  of  the  facial  nerve.  It  is  probable  that  this  arrange- 
ment enables  us  to  make  also  a  certain  degree  of  voluntary  exer- 
tion, in  listening  intently  for  faint  or  distant  sounds. 

In  all  these  instances,  the  refiex  action  taking  place  in  the 
deeper  seated  muscles,  originates  from  a  sensation  which  is  con- 
veyed inward  to  the  cerebro-spinal  centres,  and  is  then  transmitted 
outward  to  its  final  destination  through  the  medium  of  one  of  the 
sympathetic  ganglia. 

Another  very  striking  fact,  concerning  the  sympathetic,  relates  to 
the  changes  produced  by  its  division,  in  the  nutritive  processes  of 
the  parts  supplied  by  it.  One  of  the  most  important  and  remark- 
able of  these  changes  is  an  ekvation  of  temperature  in  the  affected 
parts.  If  the  sympathetic  nerve  be  divided  on  one  side  of  the  neck, 
in  the  rabbit,  cat,  or  dog,  an  elevation  of  temperature  begins  to  be 
perceptible  on  the  corresponding  side  of  the  head  in  a  very  short 
time.  In  the  cat,  we  have  found  a  very  sensible  difference  in 
temperature  between  the  two  sides  at  the  end  of  ten  minutes; 
and  in  the  rabbit,  at  the  end  of  half  an  hour.  A  vascular  conges- 
tion of  the  parts  also  takes  place,  which  may  be  seen  to  great 
advantage  in  the  ear  of  the  rabbit,  when  held  up  between  the  eye 
and  the  light.  The  elevation  of  temperature,  in  these  cases,  is  very 
perceptible  to  the  touch,  and  may  also  be  measured  by  the  thermo- 
meter. Bernard*  has  found  it  to  reach  8°  or  9°  F.  The  elevation 
of  temperature  and  congested  state  of  the  parts  are  sometimes  found 
to  be  diminished  by  the  next  day,  and  afterward  disappear  rapidly. 

'  Reoherches  ExpCrimeDtalus  sur  le  Grand  Sjmpathiqae.     Paris,  1854. 
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Occasionally,  however,  tbey  last  for  a  long  time.  Bernard  (op.  cii).  J 
Las  seen  the  unnatural  temperature  of  the  allccted  parts  remain,  ia  J 
tlie  rabbit,  from  fifteen  to  eighteen  days,  and  in  the  dog  for  two  [ 
months.  Where  the  superior  cervical  gunglion  baa  been  extirpated,  I 
be  has  even  found  the  above  appearances  n»  continue,  in  the  dog.  foe  I 
a  year  and  a  half.  They  may  also,  according  to  the  same  autborilji  I 
be  reproduced  several  times  in  the  same  animal,  by  repeated  divi?  J 
siona  of  the  sympathetic  nerve. 

Tbe  above  eflect  is  due  to  a  peculiar  modification  is  the  nutrU  I 
tion  of  the  affected  parts,  which  has  some  analogy  with  infiamma* 
tion,  Tbe  unnatural  beat,  the  congestion,  and  the  increased  sensi- 
bility  which  are  present,  ail  serve  to  indicate  a  certain  resemblance 
between  the  two  conditions.  None  of  the  more  serious  consequences 
of  inflammation,  however,  such  as  cedema,  exudation,  sloughing  or 
ulceration,  have  ever  been  known  to  follow  from  this  operation; 
and  the  term  inflammation,  accordingly,  cannot  properly  be  applied 
to  its  results.  I 

Division  of  the  sympathetic  nerve  in  the  middle  of  the  neck 
has  also  a  very  singular  and  instantaneous  effect  on  tbe  muscular 
apparatus  of  the  eye.  Within  a  very  few  seconds  after  the  above 
operation  has  been  performed  upon  the  cat,  the  pupil  of  the  cor- 
responding eye  becomes  strongly  contracted,  and  remains  in  that  <■ 
condition.     At  the  same  time  the  third  eyelid,  or  "  nictitating  t 

brane,"  with  which  these  animals  J 
are  provided,  is  drawn  partially  1 
over  tbe  cornea,  and  the  uppw  J 
and  lower  eyelids  also  approxi-  I 
mate  very  considerably  to  eaohl 
other;  so  that  all  the  apertnre 
guarding   the   eyeball  are  veryl 
perceptibly  narrowed,  and  the  ex-  J 
pression  of  the  face  on  that  side  ie 
altered  in  a  corresponding  degree.  ' 
This  effect  upon   the   pupil  has 
been  explained  by  supposing  tha 
circular  6bros  of  tbe  iris,  or  the  J 
constrictors  of  the  pupil,  to  bttl 
animated  exclusively  by  nervous  filaments  derived  from  the  oculo-I 
motorius;  and  tbe  radiating  fibres,  or  the  dilators,  to  be  Buppliad'J 
by  the  sympathetic.     Accordingly,  while   division  of  the  ocnlo-l 
motorius  would  produce  dilatation  of  the  pupil,  by  paralysis  t 
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tlio  circular  fibres  only,  division  of  the  synipathetio  would  be 
followed  by  exclusive  paralysis  of  the  dilators,  and  a  permanent 
contraction  of  the  pupil  would  consequently  take  place.  The 
above  explanation,  however,  is  not  a  satisfactory  one;  since,  in 
the  first  place,  division  of  the  oculo-motorius,  as  the  experiments  of 
Bernard  have  shown,^  does  not  by  itself  produce  complete  dilata- 
tion of  the  pupil ;  and,  secondly,  after  division  of  the  sympathetic 
nerve  in  the  cat,  as  we  have  already  shown,  not  only  is  the  pupil 
contracted,  but  both  the  upper  and  lower  eyelids  and  the  nictitating 
membrane  are  also  partially  drawn  over  the  cornea,  and  assist  in 
excluding  the  light  The  last-named  efiect  cannot  be  owing  to  any 
direct  paralysis,  from  division  of  the  fibres  of  the  sympathetic.  It 
is  more  probable  that  the  section  of  this  nerve  operates  simply  by 
exaggerating  for  a  time  the  sensibility  of  the  retina,  as  it  does  that 
of  the  integument ;  and  that  the  partial  closure  of  the  eyelids  and 
pupil  is  a  secondary  consequence  of  that  condition. 

It  will  be  remembered  that  in  describing  the  inflammation  of  the 
eyeball,  consequent  upon  section  of  the  fifth  pair  of  nerves,  we 
found  that  there  were  reasons  for  believing  this  efiect  to  be  due 
to  injury  of  certain  sympathetic  fibres  which  accompany  the  fifth 
pair.  If  the  fifth  pair  in  fact  be  divided  at  the  level  of  the  Cas- 
serian  ganglion,  where  it  is  joined  by  sympathetic  fibres  from  the 
carotid  plexus,  or  between  this  ganglion  and  the  eyeball,  a  destruc- 
tive inflammation  of  the  organ  follows.  But  if  the  section  be  made 
behind  the  ganglion,  so  as  to  avoid  the  filaments  of  communication 
with  the  sympathetic,  no  inflammatory  change  takes  place.  If  this 
fact  be  really  owing  to  the  presence  of  sympathetic  fibres  which 
accompany  the  fifth  pair,  it  indicates  a  remarkable  difference  in  the 
efiects  of  dividing  the  sympathetic  near  the  eyeball  and  at  a  dis- 
tance from  it;  since  no  real  inflammation  of  the  eyeball  or  its 
appendages  is  ever  produced  by  division  of  this  nerve  in  the  middle 
of  the  neck,  but  only  the  elevation  of  temperature  and  increase  of 
sensibility  which  have  been  already  described. 

The  influence  of  the  sympathetic  nerve  and  the  consequences 
of  its  division  upon  the  thoracic  and  abdominal  viscera  have  been 
only  very  imperfectly  investigated  by  experimental  methods.  It 
undoubtedly  serves  as  a  medium  of  reflex  action  between  the  sensi- 
tive and  motor  portions  of  the  digestive,  excretory,  and  generative 

*  Leqnns  sur  la  Plijsiologie  et  la  PatUologfe  du  S/Htdme  Neryenz,  Paris,  1858, 
Tol.  ii  p.  2dZ. 
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apparatuses ;  and  it  is  certain  that  it  also  takes  part  in  reflex  actions 
in  which  the  cerebro-spinal  system  is  at  the  same  time  interested. 
There  are  accordingly  three  different  kinds  of  reflex  action,  taking 
place  wholly  or  partially  through  the  sympathetic  system,  which 
may  be  observed  to  occur  in  the  living  body. 

1st.  Reflex  actions  taking  place  from  the  internal  organs,  through 
the  sympathetic  and  cerebrospinal  systems,  to  tfie  voluntary  muscles  and 
sensitive  surfaces. — The  convulsions  of  young  children  are  often 
owing  to  the  irritation  of  undigested  food  in  the  intestinal  canal. 
Attacks  of  indigestion  are  also  known  to  produce  temporary  amau- 
rosis, double  vision,  strabismus,  and  even  hemiplegia.  Nausea,  and 
a  diminished  or  capricious  appetite,  are  often  prominent  symptoms 
of  early  pregnancy,  induced  by  the  peculiar  condition  of  the  uterine 
mucous  membrane. 

2d.  Beflex  actions  taking  place  from  the  sensitive  surfaces,  through 
the  cerebro-spiruil  and  sympatfietic  systems,  to  tJie  involuntary  muscles 
and  secreting  organs. — Imprudent  exposure  of  the  integument  to 
cold  and  wet^  will  often  bring  on  a  diarrhoea.  Mental  and  moral 
impressions,  conveyed  through  the  special  senses,  will  affect  the 
motions  of  the  heart,  and  disturb  the  processes  of  digestion  and 
secretion.  Terror,  or  an  absorbing  interest  of  any  kind,  will  pro- 
duce a  dilatation  of  the  pupil,  and  communicate  in  this  way  a  pecu- 
liarly wild  and  unusual  expression  to  the  eye.  Disagreeable  sights 
or  odors,  or  even  unpleasant  occurrences,  are  capable  of  hastening 
or  arresting  the  menstrual  discharge,  or  of  inducing  premature 
delivery. 

3d.  Reflex  actions  taking  place  through  the  sympathetic  system  from 
one  part  of  the  internal  organs  to  another. — The  contact  of  food  with 
the  mucous  membrane  of  the  small  intestine  ei^cites  a  peristaltic 
movement  in  the  muscular  coat.  The  mutual  action  of  the  diges- 
tive, urinary  and  internal  generative  organs  upon  each  other  takes 
place  through  the  medium  of  the  sympathetic  ganglia  and  their 
nerves.  The  variations  of  the  capillary  circulation  in  different 
abdominal  viscera,  corresponding  with  the  state  of  activity  or  re- 
pose of  their  associated  organs,  are  to  be  referred  to  a  similar  nerv- 
ous influence.  These  phenomena  are  not  accompanied  by  any 
consciousness  on  the  part  of  the  individual,  nor  by  any  apparent 
intervention  of  the  cerebro-spinal  system. 


SECTION  III. 
REPRODUCTION. 


CHAPTER    I. 


ON  THE  NATURE   OF  REPRODUCTION,   AND  THE 
ORIGIN   OF    PLANTS   AND   ANIMALS. 

The  process  of  reproduction  is  the  most  characteristic,  and  in 
many  respects  the  most  interesting,  of  all  the  phenomena  presented 
by  organized  bodies.  It  includes  the  whole  history  of  the  changes 
taking  place  in  the  organs  and  functions  of  the  individual  at  suc- 
cessive periods  of  life,  as  well  as  the  production,  growth,  and  de- 
velopment of  the  new  germs  which  make  their  appearance  by 
generation. 

For  all  organized  bodies  pass  through  certain  well-defined  epochs 
or  phases  of  development,  by  which  their  structure  and  functions 
undergo  successive  alterations.  We  have  already  seen  that  the 
living  animal  or  pliant  is  distinguished  from  inanimate  substances 
by  the  incessant  changes  of  nutrition  and  growth  which  take  place 
in  its  tissu&s.  The  muscles  and  the  mucous  membranes,  the  osse- 
ous and  cartilaginous  tissues,  the  secreting  and  circulatory  organs, 
all  incessantly  absorb  oxygen  and  nutritious  material  from  with- 
out, and  assimilate  their  molecules;  while  new  substances,  produced 
by  a  retrogressive  alteration  and  decomposition,  are  at  the  same 
time  excreted  and  discharged.  These  nutritive  changes  correspond 
in  rapidity  with  the  activity  of  the  other  vital  phenomena;  since 
the  production  of  these  phenomena,  and  the  very  existence  of  the 
vital  functions,  depend  upon  the  regular  and  normal  continuance 
of  the  nutritive  process.  Thus  the  organs  and  tissues,  which  are 
always  the  seat  of  this  double  change  of  renovation  and  decay, 
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retain  nevertheless  their  original  constitution,  and  continue  to  be 
capable  of  exhibiting  the  vital  phenomena. 

The  above  changes,  however,  are  not  in  reality  the  only  ones 
which  take  place.  For  although  the  structure  of  the  body  and  the 
composition  of  its  constituent  parts  appear  to  be  maintained  in  an 
unaltered  condition,  by  the  nutritive  process,  from  one  moment  to 
another,  or  from  day  to  day,  yet  a  comparative  examination  of 
them  at  greater  intervals  of  time  will  show  that  this  is  not  pre- 
cisely the  case ;  but  that  the  changes  of  nutrition  are,  in  point  of 
fact,  progressive  as  well  as  momentary.  The  composition  and  pro- 
perties of  the  skeleton,  for  example,  are  not  the  same  at  the  age  of 
twenty -five  that  they  were  at  fifteen.  At  the  later  period  it  con- 
tains more  calcareous  and  less  organic  matter  than  before ;  and  its 
solidity  is  accordingly  increased,  while  its  elasticity  is  diminished. 
Even  the  anatomy  of  the  bones  alters  in  an  equally  gradual  manner ; 
the  medullary  cavities  enlarging  with  the  progress  of  growth,  and 
the  cancellated  tissue  becoming  more  open  and  spongy  in  texture. 
We  have  already  noticed  the  diflference  in  the  quantity  of  oxygen 
and  carbonic  acid  inspired  and  exhaled  at  different  ages.  The 
muscles,  also,  if  examined  after  the  lapse  of  some  years,  are  found 
to  be  less  irritable  than  formerly,  owing  to  a  slow,  but  steady  and 
permanent  deviation  in  their  intimate  constitution. 

The  vital  properties  of  the  organs,  therefore,  change  with  their 
varying  structure;  and  a  time  comes  at  last  when  they  are  per- 
ceptibly less  capable  of  performing  their  original  functions  than 
before.  This  alteration,  being  dependent  on  the  varying  activity 
of  the  nutritive  process,  continues  necessarily  to  increase.  The  very 
exercise  of  the  vital  powers  is  inseparably  connected  with  the  sub- 
sequent alteration  of  the  organs  employed  in  them ;  and  the  func- 
tions of  life,  therefore,  instead  of  remaining^indefinitely  the  same, 
pass  through  a  series  of  successive  changes,  which  finally  terminate 
in  their  complete  cessation. 

The  history  of  a  living  animal  or  plant  is,  therefore,  a  history  of 
successive  epochs  or  phases  of  existence,  in  each  of  which  the  struc- 
ture and  functions  of  the  body  differ  more  or  less  from  those  in 
every  other.  Every  living  being  has  a  definite  term  of  life,  through 
which  it  passes  by  the  operation  of  an  invariable  law,  and  which, 
at  some  regularly  appointed  time,  comes  to  an  end.  The  plant 
germinates,  grows,  blossoms,  bears  fruit,  withers,  and  decays.  The 
animal  is  born,  nourished,  and  brought  to  maturity,  after  which  he 
retrogrades  and  dies.     The  very  commencement  of  existence,  by 
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leading  through  its  saccessive  intermediate  stages^  conducts  at  last 
necessarily  to  its  own  termination. 

But  while  individual  organisms  are  thus  constantly  perishing  and 
disappearing  from  the  stage,  the  particular  kind,  or  species,  remains 
in  existence,  apparently  without  any  important  change  in  the  cha- 
racter or  appearance  of  the  organized  forms  belonging  to  it.  The 
horse  and  the  ox,  the  oak  and  the  pine,  the  different  kinds  of  wild 
and  domesticated  animals,  even  the  difTerent  races  of  man  himself, 
have  remained  without  any  essential  alteration  ever  since  the  earliest 
historical  epochs.  Yet  during  this  period  innumerable  individuals^ 
belonging  to  each  species  or  race,  must  have  lived  through  their 
natural  term  and  successively  passed  out  of  existence.  A  species 
may  therefore  be  regarded  as  a  type  or  class  of  organized  beings^  in 
which  the  particular  forms  or  structures  composing  it  die  off  con- 
stantly and  disappear,  but  which  nevertheless  repeats  itself  from 
year  to  year,  and  maintains  its  ranks  constantly  full  by  the  regular 
accession  of  new  individuals.  This  process,  by  which  new  organ- 
isms make  their  appearance,  to  take  the  place  of  those  which  are 
destroyed,  is  known  as  the  process  o{  reproditction  or  generation.  Let 
us  now  see  in  what  manner  it  is  accomplished. 

It  has  always  been  known  that,  as  a  general  rule  in  the  process 
of  generation,  the  young  animals  or  plants  are  produced  directly 
from  the  bodies  of  the  elder.  The  relation  between  the  two  is  that 
of  parents  and  progeny ;  and  the  new  organisms,  thus  generated, 
become  in  turn  the  parents  of  others  who  succeed  them.  For  this 
reason  wherever  such  plants  or  animals  exist,  they  indicate  the 
previous  existence  of  others  belonging  to  the  same  species ;  and  if 
by  any  accident  the  whole  species  should  be  destroyed  in  any  par- 
ticular locality,  no  new  individuals  could  be  produced  there,  unless 
by  the  previous  importation  of  others  of  the  same  kind. 

The  commonest  observation  shows  this  to  be  true  in  regard  to 
those  animals  and  plants  with  whose  history  we  are  more  familiarly 
acquainted.  An  opinion,  however,  has  sometimes  been  maint4iined 
that  there  are  exceptions  to  this  rule ;  and  that  living  beings  may, 
under  certain  circumstances,  be  produced  from  inanimate  substances, 
without  any  similar  plants  or  animals  having  preceded  them ;  pre- 
senting, accordingly,  the  singular  phenomenon  of  a  progeny  without 
parents.  Such  a  production  of  organized  bodies  is  known  by  the 
name  of  spontaneous  generation.  It  is  believed  by  the  large  majority 
of  physiologists  at  the  present  day  that  no  such  spontaneous  gene- 
ration ever  takes  place;  but  that  plants  and  animals  are  always 
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derived,  by  direct  reproduction,  from  previously  existing  parents 
of  the  same  species.  As  thia,  however,  is  a  question  of  some  im- 
portance, and  one  which  has  been  frequently  discussed  in  works  on 
physiology,  we  shall  proceed  to  pass  in  review  the  facts  which  have 
been  adduced  in  favor  of  the  occurrence  of  spontaneous  generation, 
as  well  as  those  which  would  lead  to  its  dlsprovai  and  rejecti&n. 

It  is  evident,  in  the  first  place,  that  many  apparent  instances  of 
spontaneous  generation  are  found  to  be  of  a  very  different  character 
as  soon  as  they  are  subjected  to  a  critical  examination.  Thus  grass- 
hoppers and  beetles,  earthworms  and  crayfish,  the  swarms  of  minuta 
insects  that  fill  the  air  over  the  surface  of  stagnant  pools,  and  eveo 
frogs,  moles,  and  lizards,  have  been  supposed  in  former  times  to  bo 
generated  directly  from  the  earth  or  the  atmosphere ;  and  it  waa 
only  by  investigating  carefully  the  natural  history  of  these  animals 
that  they  were  ascertained  to  be  produced  in  the  ordinary  manner 
by  generation  from  parents,  and  were  found  to  continue  the  repro- 
duction of  their  species  in  the  same  way.  A  still  more  striking 
instance  is  furnished  by  the  production  of  maggots  in  putrefying 
meat,  vegetables,  flour  pastfi,  fermenting  dung,  &c.  If  a  piece  of 
meat  be  exposed,  for  example,  and  allowed  to  undergo  tho  process 
of  putrefaction,  at  the  end  of  a  few  days  it  will  be  found  to  contain 
a  multitude  of  living  maggots  which  feed  upon  the  decomposing 
flesh.  Now  these  maggots  are  always  produced  under  the  same 
conditions  of  warmth,  moisture  and  exposure,  and  at  the  same  stage 
of  the  putrefactive  process.  They  are  never  to  be  found  in  fresh 
meat,  nor,  in  fact,  in  any  other  situation  than  the  one  just  mentioned. 
They  appear,  consequently,  without  any  similar  individuals  having 
existed  in  the  same  locality ;  and  considering  the  regularity  of  their 
appearance  under  the  given  conditions,  and  their  absence  elsewhere 
it  has  been  believed  that  they  were  spontaneously  generated,  under 
the  influence  of  warmth,  moisture,  and  the  atmosphere^  from  the 
decaying  organic  substances. 

A  little  examination,  however,  discovers  a  very  simple  solution 
of  the  foregoing  difficulty.  On  watching  the  exposed  animal  or 
vegetable  aubstanccs  during  the  earlier  periods  of  their  decompo- 
sition, it  is  found  that  certain  species  of  flies,  attracted  by  the  odor 
of  the  decaying  material,  hover  round  it  and  deposit  their  egga 
upon  its  surface  or  in  its  interior.  These  eggs,  hatched  by  the 
warmth  to  which  they  are  exposed.  pro<luce  the  maggots ;  which 
are  simply  the  young  of  the  winged  insects,  and  which  after  a  time 
become  transformed,  by  the  natural  progress  of  development,  into 
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perfect  insects  similar  to  their  parents.  The  difficulty  of  aooount- 
ing  for  the  presence  of  the  maggots  by  generation,  therefore,  de- 
pends simply  on  the  fact  that  they  are  different  in  appearance  &om 
the  parents  that  produce  them.  This  diflference,  however,  is  merely 
a  temporary  one,  corresponding  with  the  diflference  in  age,  and  dis- 
appears when  the  development  of  the  animal  is  complete ;  just  as 
the  young  chicken,  when  recently  hatched,  has  a  different  form  and 
plumage  from  those  which  it  presents  in  its  adult  condition. 

Nearly  all  the  causes  of  error,  in  fact^  which  have  suggested  at 
various  times  the  doctrine  of  spontaneous  generation,  have  been 
derived  from  these  two  sources.  Firsts  the  ready  transportation  of 
eggs  or  germs,  and  their  rapid  hatching  under  favorable  circum- 
stances ;  and  secondly,  the  different  appearances  presented  by  the 
same  animal  at  different  ages,  in  consequence  of  which  the  youthful 
animal  may  be  mistaken,  by  an  ignorant  observer,  for  an  entirely 
different  species.  These  sources  of  error  are,  however,  so  readily 
detected,  as  a  general  rule,  by  scientific  investigation,  that  it  is 
hardly  necessary  to  point  out  the  particular  instances  in  which  they 
exist  In  fact,  whenever  a  rare  or  comparatively  unknown  animal 
or  plant  has  been  at  any  time  supposed  to  be  produced  by  sponta- 
neous generation,  it  has  only  been  necessary,  for  the  most  part^  to 
investigate  thoroughly  its  habits  and  functions,  to  discover  its  secret 
methods  of  propagation,  and  to  show  that  they  correspond,  in  all 
essential  particulars,  with  the  ordinary  laws  of  reproduction.  The 
limits,  therefore,  within  which  the  doctrine  of  spontaneous  genera- 
tion can  be  applied,  have  been  narrowed  in  precisely  the  same 
degree  that  the  study  of  natural  history  and  comparative  physiology 
has  advanced.  At  present,  indeed,  there  remain  but  two  classes 
of  phenomena  which  are  ever  supposed  to  lend  any  support  to  the 
above  doctrine ;  viz.,  the  existence  and  production,  1st,  of  infuso- 
rial animalcules,  and  2d,  of  animal  and  vegetable  parasites.  We 
shall  now  proceed  to  examine  these  two  parts  of  the  subject  in 
succession. 

Infusorial  Ammalcules. — If  water,  holding  in  solution  or- 
ganic substances,  be  exposed  to  the  contact  of  the  atmosphere  at 
ordinary  temperatures,  it  is  found  afler  a  short  time  to  be  filled 
with  swarms  of  minute  living  organisms,  which  are  visible  only  by 
the  microscope.  The  forms  of  these  microscopic  animalcules  are 
exceedingly  varied ;  owing  either  to  the  great  number  of  species 
in  existence,  or  to  their  rapid  alteration  during  the  successive  pe- 
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rioda  of  their  growth.  Ehrenberg  has  described  more  than  300 
di£fereDt  varietiea  of  them.  They  are  generally  provided  with  cilia 
attached  to  the  exterior  of  their  bodies,  and  ore,  for  the  most  part, 
in  constant  and  rapid  motion  in  the  fluid  which  they  inhabit. 
Owing  to  their  presence  in 
'■      '  animal  and  vegetable  watery 

infusions,  they  have  received 
the  name  of  "infusoria,"  or 
"  infusorial  animalcules." 

Now  these  infusoria  are 
always  produced  under  the 
conditions  which  we  hare  de- 
scribed above.  The  animal 
or  vegetable  substance  used 
for  the  infusion  may  be  pre- 
viously baked  or  boiled,  so 
as  to  destroy  all  living  germs 
which  it  might  accidentally 
contain;  the  water  in  which 
it  is  infused  may  be  carefully 
distilled,  and  thus  freed  from  all  similar  contamination;  and  yet  the 
infusorial  animalcules  will  make  their  appearance  at  the  usual  time 
and  in  the  usual  abundance.  It  is  only  requisite  that  the  infusion 
be  exposed  to  a  moderately  elevated  temperature,  and  to  the  access 
of  atmospheric  air;  conditions  which  are  equally  necessary  for 
maintaining  the  life  of  all  animal  and  vegetable  organisms,  what- 
ever be  the  source  from  which  they  are  derived.  Under  the  above 
circumstances,  therefore,  either  the  animalcules  must  have  been 
produced  by  spontaneous  generation  in  the  watery  infusion,  or  their 
germs  must  have  been  introduced  into  it  through  the  medium  of 
the  atmosphere.  No  such  introduction  has  ever  been  directly  de- 
monstrated, nor  have  even  any  eggs  or  germs  belonging  to  the 
infusoria  ever  been  detected. 

Nevertheless,  there  is  every  probability  that  the  infusoria  are 
produced  from  germs,  and  not  by  spontaneous  generation.  Since 
the  infusoria  themselves  are  microscopic  in  size,  it  is  not  surprising 
that  their  eggs,  which  must  be  smaller  still,  should  have  escaped 
observation.  We  know,  too,  that  in  many  instances  the  minute 
germs  of  animals  or  plants  may  be  wafted  about  in  a  dry  state  by 
the  atmosphere,  until,  by  accidentally  coming  in  contact  with  warmth 
and  moisture,  they  become  developed  and  bring  forth  living  organ* 
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isms.  The  eggs  of  the  infufloria^  accordingly,  may  be  easily  raised 
and  held  suspended  in  the  atmosphere,  under  the  form  of  minute 
dust-like  particles,  ready  to  germinate  and  become  developed  when- 
ever they  are  caught  by  the  surface  of  a  stagnant  pool,  or  of  any 
artificially  prepared  infusion.  In  point  of  fact^  the  atmosphere 
does  really  contain  an  abundance  of  such  dust-like  particles,  even 
when  it  appears  to  be  most  transparent  and  free  firom  impurities. 
This  may  be  readily  demonstrated  by  admitting  a  single  beam  of 
sunshine  into  a  darkened  apartment^  when  the  shining  particles  sus- 
pended in  the  atmosphere  become  immediately  visible  in  the  track 
of  the  sunbeam.  Again,  if  a  perfectly  clean  and  polished  mirror 
be  placed  with  its  face  upward  in  a  securely  closed  room,  and  left 
undisturbed  for  several  days,  its  surface  at  the  end  of  that  time  will 
be.  found  to  be  dimmed  by  the  settling  upon  it  of  minute  dust^ 
deposited  from  the  atmosphere.  There  is  no  reason,  therefore,  for 
disbelieving  that  the  air  may  always  contain  a  sufficient  number  of 
organic  germs  for  the  production  of  infusorial  animalcules. 

There  is  some  difficulty,  however,  in  obtaining  direct  proof  that  it 
is  through  the  medium  of  the  atmosphere  that  organic  germs  pene- 
trate into  the  watery  infusions.  It  is  true  that  if  such  an  infusion 
be  prepared  from  baked  meat  or  vegetables  and  distilled  water,  and 
afterward  hermetically  sealed,  no  infusoria  are  developed  in  it ;  but 
this  only  shows,  as  we  have  already  intimated,  that  the  free  access 
of  air  is  necessary  to  the  development  of  all  organic  life,  just  as  it  is 
to  the  support  of  animals  and  plants  under  ordinary  conditions  of 
growth  and  reproduction.  Such  a  result^  therefore,  proves  nothing 
with  regard  to  the  external  origin  of  the  infusoria.  In  order  to  be 
conclusive,  such  an  experiment  should  be  so  contrived  that  the 
watery  infusion,  previously  freed  from  all  foreign  contamination, 
should  be  supplied  with  a  free  access  of  atmospheric  air,  while  the 
introduction  of  living  germs  by  this  channel  should  at  the  same  time 
be  rendered  impossible.  An  experiment  of  this  kind  has  in  reality 
been  contrived  and  successfully  carried  out  by  Schultze,  of  Berlin.' 

This  observer  prepared  an  infusion  containing  organic  substances 
in  solution,  and  inclosed  it  in  a  glass  flask  (Fig.  169,  a)  of  such  a 
size,  that  the  infusion  filled  about  one-half  the  entire  capacity  of  the 
vessel.  The  mouth  of  the  flask  was  fitted  with  an  air-tight  stopper 
provided  with  two  holes,  through  which  were  passed  narrow  glass 
tubes  bent  at  right  angles.    To  each  of  these  tubes  was  attached  a 

■  Edinbargh  New  Fhilosophioal  Joarnal,  Oot.  1837. 
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potaah-apparatua  (6,  e),  similar  to  lliose  used  for  condensing  carbooi0 
acid  in  organic  anal^aes.  One  of  these  (i)  waa  filled  with  concea- 
trated  Bulpburic  acid,  the  other  (c)  with  a  solutioa  of  caustic  potassa,, 
The  llaak  with  the  organic  infusit 
having  been  subjected  to  a  boilii 
temperature,  in  order  to  destroy 
living  germs  which  it  might 
tain,  the  stopper  was  inserted, 
the  whole  apparatus  exposed  to  th< 
light,  at  the  ordinary  summer  tempera- 
ture. The  connections  of  the  apparatus 
being  perfectly  tight,  no  air  could 
trate  into  the  flask,  except  by  passing 
through  either  the  sulphuric  acid 
the  potassa;  either  of  which  woul 
"^10!  w'ler" BrB'iio''n.~&.  Po'Lh"^^  retain  and  destroy  any  organic  germs 
Pkntui  tonuming  loipharLo  leid.  e.  which  might  be  suspcudcd  in  it.  Every 
^j|tt.  -.ppauiii  CUD  osg  uDb  ( [w  day  a  fregh  supply  ofair  was  introduced 
into  the  flask  by  drawing  it  through 
the  tubes  6,  c ;  and  in  this  way  the  atmospheric  air  above  the  infu- 
sion waa  constantly  renewed,  while  at  the  same  time  the  introduction 
of  living  germs  from  without  was  effectually  prevented. 

Schultze  kept  this  apparatus  under  his  observation,  as  above,  froi 
the  last  of  May  till  the  first  of  August;  frequently  examining  the 
edges  of  the  fluid  with  a  lens,  through  the  sides  of  the  glass  jar, 
but  without  ever  detecting  in  it  any  traces  of  living  organisms.  At 
the  end  of  that  period  the  flask  was  opened,  and  the  fluid  which  it 
contained  subjected  to  direct  examination,  equally  without  result. 
It  was  then  exposed,  in  the  same  vessel  and  in  the  same  situatioa 
as  before,  to  the  free  access  of  the  atmosphere,  and  at  the  end  of 
two  or  three  days  it  waa  found  to  be  swarming  with  infusoria. 

It  is  plain,  therefore,  that  the  infusoria  cannot  be  regarded 
produced  by  spontaneous  generation,  but  must  be  considered 
originating  in  the  usual  manner  from  germs;  since  they  do  not 
make  their  appearance  in  the  watery  infusion,  when  the  accidental 
introduction  of  germs  from  without  has  been  efiectually  prevented. 
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Aniual  and  Vegetable  Parasites. — This  very  remarkable 
group  of  organized  bodies  is  distinguished  by  the  fact  that  they 
live  either  upon  the  surface  or  in  the  interior  of  other  animal  or 
vegetable  organisms.     Thus,  the  mitlletoe  fixes  itself  on  the  branohes 
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of  aged  trees;  the  Oidium  aUncana  vegetates  upon  the  mucous  sur- 
fEU^es  of  the  mouth  and  pharynx ;  the  Botryiia  Baasiana  attacks  the 
body  of  the  silkworm,  and  plants  itself  in  its  tissues;  while  many 
species  of  trematoid  tvarms  live  attached  to  the  gills  of  fish  and  of 
water-lizards. 

These  parasites  are  usually  nourished  by  the  fluids  of  the  animal 
whose  body  they  inhabit  Each  particular  species  of  parasite  is 
found  to  inhabit  the  body  of  a  particular  species  of  animal,  and  is 
not  found  elsewhere.  They  are  met  with,  moreover,  as  a  general 
rule,  only  in  particular  organs,  or  even  in  particular  parts  of  a 
single  organ.  Thus  the  Tricocephalus  dispar  is  found  only  in  the 
cScum ;  the  Strongylus  gigas  in  the  kidney ;  the  Distoma  hepati- 
cum  in  the  biliary  passages.  The  Distoma  variegatum  is  found 
only  in  the  lungs  of  the  green  frog,  the  Distoma  cylindraceum  in 
those  of  the  brown.  The  Tenia  solium  is  found  in  the  intestine  of 
the  human  subject  in  certain  parts  of  Europe,  while  the  Taenia  lata 
occurs  exclusively  in  others.  It  appears,  therefore,  as  though  some 
local  combination  of  conditions  were  necessary  to  the  production 
of  these  parasites ;  and  they  have  been  supposed,  accordingly,  to 
originate  by  spontaneous  generation  in  the  localities  where  they 
are  exclusively  known  to  exist. 

A  little  consideration  will  show,  however,  that  the  above  condi- 
tions are  not^  properly  speaking,  necessary  or  sufficient  for  the 
production,  but  only  for  the  development  of  these  parasites.  All  the 
parasites  mentioned  above  reproduce  their  species  by  generation. 
They  have  male  and  female  organs,  and  produce  fertile  eggs,  often 
in  great  abundance.  The  eggs  contained  in  a  single  female  Ascaris 
are  to  be  counted  by  thousands ;  and  in  a  tapeworm,  it  is  said,  even 
by  millions.  Now  these  eggs,  in  order  that  they  may  be  hatched 
and  produce  new  individuals,  require  certain  special  conditions 
which  are  favorable  for  their  development;  in  the  same  manner 
as  the  seeds  of  plants  require,  for  their  germination  and  growth,  a 
certain  kind  of  soil  and  a  certain  supply  of  warmth  and  moisture. 
It  is  accordingly  no  more  surprising  that  the  Ascaris  vermicularis 
should  inhabit  the  rectum,  and  the  Ascaris  lumbricoides  the  ileum, 
than  that  the  Lobelia  inflata  should  grow  only  in  dry  pastures,  and 
the  Lobelia  cardinalis  by  the  side  of  running  brooks.  The  lichens 
flourish  on  the  exposed  surfaces  of  rocks  and  stone  walls ;  while 
the  fungi  vegetate  in  darkness  and  moisture,  on  the  decaying  trunks 
of  dead  trees.  Yet  no  one  imagines  these  vegetables  to  be  sp<Hi- 
taneously  generated  from  the  soil  which  they  inhabit.    The  truth 


G34 


NATUBB    OF    BEPBODUCTIOir. 


13  simply  this,  that  if  the  animal  or  vegetable  germ  be  deposited  ia 
a.  locality  which  affords  the  requisite  conditions  for  its  developmenti 
it  becomes  developed ;  otherwise  not.  Each  female  Ascaris  pro- 
duces, as  we  have  stated  above,  many  thousands  of  ova.  Now, 
though  the  cbaucea  are  very  great  against  any  particular  one  of 
these  ova  being  accidentally  transported  into  the  intestinal  canal  o( 
another  individual,  it  is  easy  to  see  that  there  are  many  causes  in 
operation  by  which  soTne  of  them  might  be  so  transported.  By  far 
the  greater  number  undoubtedly  perish,  from  not  meeting  with  the 
conditions  necessary  for  their  development.  One  in  a  thousand,  or 
perhaps  one  in  a  million,  is  accidentally  introduced  into  the  body 
of  another  individual,  and  consequently  becomes  developed  thlte 
into  a  perfect  Ascaria, 

The  circumstance,  therefore,  that  particular  parasites  are  confined 
to  particular  localities,  presents  no  greater  difficulty  as  to  their 
mode  of  reproduction,  than  the  same  fact  regarding  other  animal 
and  vegetable  organisms. 

Neither  ia  there  any  difficulty  in  accounting  for  the  introduction 
erf  parasitic  germs  into  the  interior  of  the  body.  The  air  and  the 
food  oSer  a  ready  means  of  entrance  into  the  respiratory  and 
digestive  passages ;  and,  a  parasite  once  introduced  into  the  iutea- 
tuje,  there  is  no  difficulty  in  accounting  for  its  presence  in  any  of 
the  ducla  leading  from  or  opening  into  the  alimentary  canal.  Some 
parasites  are  known  to  insinuate  themselves  directly  underneath 
the  surface  of  the  akin ;  as  the  Pulex  penetrans  or  "  chiggo"  of 
South  America,  and  the  Ixodes  Americauua  or  "tick."  Others^ 
like  the  (Estrus  bovis,  penetrate  the  integument  for  the  purpose  of 
depositing  their  eggs  in  the  subcutaneous  areolar  tissue.  Some 
may  even  gain  an  entrance  into  the  bloodvessels,  and  circulate  in 
this  way  all  over  the  body.  Thus  the  Filaria  rubella  is  found  alive 
in  the  bloodvessels  of  the  frog,  the  Distoma  hEematobinm  in  those 
of  the  human  subject,  and  a  species  of  Spiroptera  in  those  of  the 
dog.  It  is  easy  to  see,  therefore,  how,  by  such  means,  parasitic 
germs  may  be  conveyed  to  any  part  of  the  body ;  and  may  even  be 
deposited,  by  accidental  arrest  of  the  circulation,  in  the  substance 
of  the  solid  organs. 

The  most  serious  difficulty,  however,  in  the  way  of  accounting 
for  the  production  of  parasitic  organisms,  was  that  presented  by  the 
existence  of  a  class  known  as  the  encysted  or  sexless  entozoa.  These 
parasites  for  the  most  part  occupy  the  interior  of  the  solid  organs 
and  tissues,  into  which  they  could  not  have  gained  access  by  th9 
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mucous  canals.     Thus  the  Cceourus  cerebralis  is  found  imbedded 
in  the  substance  of  the  brain,  the  Trichina  spiralis  between  the 
fibres  of  the  voluntary  muscles,  and  the  Cysticercus  cellulosffi  in  the 
areolar  tissue  of  various  parts  of  the  body.     They  are  also  distin- 
guished from  all  otbei'  parasites  by  two  peculiar  characters.     First, 
they  are  inclosed  in  a  distinct  cyst,  with  which  they  have  no  organic 
connection  and  from  which  they  may  be  readily  separated ;  and  se- 
condly, they  have  no  genera- 
tive organs,  nor  is  there  any  F'g- 1""- 
apparent  difference  between 
the  sexes.    The  Trichina  spi- 
ralis, for  example  (Fig.  170), 
is   inclosetl   in   an  ovoid   or 
spindle-shaped  cyst,  swollen 
in  the  middle  and  tapering  at 
each  extremity,  with  a  round- 
ed cavity  in  its  central  por- 
tion, in  which  the  worm  Ilea 

coiled  up  in  a  spiral  form.     The  worm  iteelf  has  neither  testiclea 
nor  ovaries,  nor  does  it  present  any  trace  of  a  sexual  organization. 

Now  we  have  seen  that  it  is  easy  to  account  for  the  conveyance 
of  these  or  any  other  parasites  into  the  interior  of  vascular  organs 
and  tissues ;  the  eggs  from  which  they  are  produced  being  trans- 
ported by  the  bloodvessels  to  any  part  of  the  body,  and  there 
retained  by  a  local  arrest  of  the  capillary  circulation.  In  the  case 
of  the  encysted  entozoa,  however,  we  have  a  much  greater  difS- 
culty;  since  these  parasites  are  entirely  without  sexual  organs  ot 
generative  apparatus  of  any  sort,  nor  have  they  ever  been  dis- 
oovored  in  the  act  of  producing  eggs,  or  of  developing  in  any 
manner  a  progeny  similar  to  themselves.  It  appears,  accordingly, 
difBcult  to  understand  how  animals,  which  arc  without  a  sexual 
apparatus,  should  have  been  produced  by  sexual  generation.  As 
it  is  certain  that  they  can  have  no  progeny,  it  would  seem  equally 
evident  that  they  must  have  been  produced  without  a  parentage. 

This  difficulty,  however,  serious  as  it  at  first  appears,  is  susceptible 
of  a  very  simple  explanation.  The  case  is  in  many  respects  analogous 
to  that  of  the  maggots,  batched  from  the  eggs  of  flies  in  putrefying 
meat  These  maggots  are  also  without  sexual  organs ;  for  they 
are  still  imperfectly  developed,  and  in  a  kind  of  embryonic  condi- 
tion. It  is  only  aifer  their  metamorphosis  into  perfect  insects,  that 
generative  organs  are  developed   and  a  distinction   between  tlie 
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86X63  manifests  itself.  This  is,  indeed,  more  or  leas  the  case  with 
all  animals  and  with  all  vegetables.  The  blossom,  which  is  the 
sexual  apparatus  of  the  plant,  does  not  appear,  as  a  general  rule, 
until  the  growth  of  the  vegetable  has  continued  for  a  certain  time^ 
and  it  has  acquired  a  certain  age  and  strength.  Even  in  tbe  human 
subject  the  Eexua!  organs,  though  present  at  birth,  are  etill  very 
imperfectly  developed  as  to  size,  and  altogether  inactive  in  func- 
tion. It  ia  only  later  that  these  organs  acquire  their  full  growth, 
and  the  sexual  characters  become  complete.  In  very  many  of  the 
lower  animals  the  sexual  organs  are  entirely 
absent  at  birth,  and  appear  only  at  a  later 
period  of  development. 

Now  the  eucysted  or  sexless  entozoa  are 
simply  the  undeveloped  young  of  other  para- 
sites which  propagate  by  sexual  generation ; 
the  membrane  in  which  they  are  inclosed 
being  either  an  embryonic  envelope,  or  else 
an  adventitious  cyst  formed  round  the  para- 
sitic embryo.  These  embryos  have  come,  in 
the  natural  course  of  their  migrations,  into 
a  situation  which  is  not  suitable  for  their  com- 
plete development.  Their  development 
accordingly  arrested  before  it  arrives  at  matu- 
rity; and  the  parasite  never  reaches  the  adult 
condition,  until  removed  from  the  situation  i 
which  it  has  been  placed,  and  transported  to  a 
more  favorable  locality. 

The   above  explanation   ban   been  demon- 
strated to  he  the  true  one,  more  particularly 
with  regard  to  the  Ttenia,  or  tapeworm,  and  J 
several  varieties  of  Cyeticercus.     The  Tamia  J 
(Fig.  171)  is  a  parasite  of  which  different  species" 
are  found  in  the  intestine  of  the  human  Bubjeci, 
the  dog,  cat,  fox,  and  other  of  the  lower  animals. 
Its  upper  extremity,  termed  the  "  head,"  con- 
sists of  a  nearly  globular  mass,  presenting  upon 
its  lateral  surfaces  a  set  of  four  muscular  disks,  or  "suckers,"  and 
terminating  anteriorly  in  a  conical  projection  which  is  provided 
with  a  crown  of  curved  processes  or  hooks,  by  which  the  parasite  J 
attaches  itself  to  the  intestinal  mucous  membrane.     To  this  "  head"  I 
succeeds  a  slender  ribbon-shaped  neck,  which  is  at  first  stnooth,  bntl 
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which  Boon  becomes  transversely  wrinkled,  and  afterward  divided 
into  distinct  rectangular  pieces  or  "articulations,"  These  articula- 
tions multiply  by  a  process  of  successive  growth  or  budding,  from 
the  wrinkled  portion  of  the  neck ;  and  are  constantly  removed  farther 
and  farther  from  their  point  of  origin  by  new  ones  formed  behind 
them.  As  they  gradually  descend,  by  the  process  of  growth, 
farther  down  the  body  of  the  tapeworm,  they  become  larger  and 
begin  to  exhibit  a  sexual  apparatus,  developed  in  their  interior. 
In  each  fully  formed  articulation  there  are  contained  both  mala 
and  female  organs  of  generation;  and  the  mature  eggs,  which  are 
produced  in  great  numbers,  are  thrown  off  together  with  the  articu- 
lation itself  from  the  lower  extremity  of  the  tapewortn.  Since  the 
articulations  are  successively  produced,  as  we  have  mentioned  above, 
by  budding  from  the  neck  and  the  back  part  of  the  head,  the  para- 
site cannot  be  effectually  dislodged  by  taking  away  any  portion  of 
the  body,  however  large;  since  it  is  subsequently  reproduced  from 
the  head,  and  continues  its  growth  as  before.  But  if  the  head  itaelf 
be  removed  from  tbe  intestine,  no  further  reproduction  of  the  articu- 
lations can  take  place. 

The  Cysticercus  is  an  encysted  parasite,  different  varietiee  of  which 
are  found  in  the  liver,  the  peritoneum,  and  the  meshes  of  the  areolar 
tissue  in  various  parts  of  the  body.  It  consists  (Fig.  172)  first,  of 
8  globular  sac,  or  cyst  (o),  which  is  not  adherent  to  the  tissues  of 
the  organ  in  which  the  parasite  is  found,  but  may  be  easily  sepa- 
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rated  from  them.  In  its  interior  is  found  another  sac  (A),  lying 
loose  in  the  cavity  of  the  former,  and  filled  with  a  serous  fluid. 
This  second  sac  presents,  at  one  point  upon  its  surface,  a  puckered 
depression,  leading  into  a  long,  narrow  canal  (c).     This  canal,  which 
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is  formed  by  an  iuvolution  of  the  walk  of  the  eecond  sac,  presents   . 
at  it£  bottom  a  small  globular  mius,  like  the  head  of  the  Teqiur, 
provided  with  suckers  and  hooks,  aud  supported  upon  a  short   I 
eiender  neck.     If  the  outer  investing  sac  he  removed,  the  narrow   ' 
canal  just  described  may  be  everted  by  careful  manipulation,  and 
the  parasite  will  then  appear  as  in  Fig.  173,  with  the  head  and  neck   , 
resembling  those  of  a  Tisenia,  but  terminating  behind  in  a  dropsical 
sac-like  swelling,  instead  of  the  chain  of  articulations  which  are 
characteristic  of  the  fully  formed  tapeworm. 

Now  it  has  been  shown,  by  the  experiments  of  Kiichenmeister, 
Siebold,  and  others,  that  the  Cysticercus  is  only  the  imperfectly  ' 
developed  embryo,  or  young,  of  the  Tasnia.  When  the  mature 
articulation  of  the  tapeworm  is  thrown  off,  as  already  mentioned, 
from  its  posterior  extremity,  the  eggs  which  it  incloses  have  already 
passed  through  a  certain  period  of  development,  so  that  each  one 
contains  an  imperfectly  formed  embryo.  The  articulation,  contain- 
ing the  egga  and  embryos,  is  then  taken,  with  the  food,  into  the  i 
stomach  of  another  animal;  the  substance  of  the  articulation,  to- 
gether with  the  external  covering  of  the  eggs,  is  destroyed  by  di- 
gestion, and  the  embryos  are  thus  set  free.  They  then  penetrate 
through  the  walla  of  the  stomach,  into  the  neighboring  organs  or 
the  areolar  tissue,  and  becoming  encysted  in  these  situations,  are  ' 
there  develi^ed  into  cysticerci,  as  represented  in  Fig.  172.  After- 
ward, the  tissues  in  which  they  are  contained  being  devoured  by 
a  third  animal,  the  cysticercus  passes  into  the  intestine,  fixes  itself 
to  the  mucous  membrane,  and,  by  a  process  of  budding,  produces 
the  long  tape-like  aeries  of  articulations,  by  which  it  is  finally  con- 
verted into  the  full-grown  Tienia. 

Prot  Siebold  found  the  head  of  the  Cysticercus  fasciolaris,  met  ■ 
with  in  the  liver  of  rata  and  mice,  presenting  eo  close  t 
biance  to  the  Tainia  crasaicoUis,  inhabiting  the  intestine  of  the  cat, 
that  he  was  led  to  beJieve  the  two  parasites  to  be  identical.  Tbia 
identity  was,  in  fact,  proved  by  the  experiments  of  Kiichenmeister ; 
and  Siebold  aflerward  demonstrated'  the  same  relation  to  exist 
between  the  Cysticercus  pisiformis,  found  in  the  peritoneum  of  rab- 
bits, and  the  Tienia  serrata,  from  the  intestine  of  the  dog.  This 
,  experimenter  succeeded  in  administering  to  doga  a  quantity  of  the 
cysticerci,  fresh  from  the  body  of  the  rabbit,  mixed  with  milk ;  aud 
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on  killing  the  dogs,  at  various  periods  after  the  meal,  from  three 
hours  to  eight  weeks,  he  found  the  cjsticerci  in  various  stages  of 
development  in  the  intestine,  and  finally  converted  into  the  full 
grown  Taenia^  with  complete  articulations  and  mature  eggs. 

Dr.  Kiichenmeister*  has  also  performed  the  same  experiment,  with 
success,  on  the  human  subject.  A  number  of  cysticerci  were  ad- 
ministered to  a  criminal,  at  different  periods  before  his  execution, 

m 

varying  from  12  to  72  hours ;  and  upon  post-mortem  examination 
of  the  body,  no  less  than  ten  young  iadum  were  found  in  the 
intestine,  four  of  which  could  be  distinctly  recognized  as  specimens 
of  Taenia  solium. 

Finally,  both  Leuckart  and  Kiichenmeister'  have  shown,  on  the 
other  hand,  that  the  eggs  of  Taenia  solium,  introduced  into  the  body 
of  the  pig,  will  give  rise  to  the  development  of  Cysticercus  cellulosae ; 
thus  demon3trating  that  the  two  kinds  of  parasites  are  identical  in 
their  nature,  and  differ  only  in  the  manner  and  degree  of  their 
development 

There  remains,  accordingly,  no  good  reason  for  believing  that 
even  the  encysted  parasites  are  produced  by  spontaneous  genera- 
tion. Whatever  obscurity  may  hang  round  the  origin  or  reproduc- 
tion of  any  class  or  species  of  animals,  the  direct  investigations  of 
the  physiologist  always  tend  to  show  that  they  do  not,  in  reality, 
form  any  exception  to  the  general  law  in  this  respect ;  and  the  only 
opinion  which  is  admissible,  from  the  facts  at  present  within  our 
knowledge,  is  that  organized  beings,  animal  andvegetahhy  wherever  they 
inMLy  he  found,  are  always  the  progeny  of  premoualy  existing  parents. 

I  On  Aziimal  and  Vegetable  Parasites,  Sydenham  translation:  London,  1857, 
p.  115. 
*  Op.  cit.,  p.  120. 
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CHAPTER   II. 


ON  SEXUAL  OGNERATION,  AND  THE  MODE  OF  ITS 
ACCOMPLISHUENT. 


Fig.  174. 


The  fanction  of  generation  u  performed  by  means  of  two  sets  of 
organs,  eacb  of  wbicb  gives  origin  to  a  peculiar  product,  capable 
of  uniting  with  the  other  so  as  to  produce  a  new  individual.  These 
two  sets  of  organs,  belonging  to  the 
two  different  sexes,  are  called  the  male 
and  female  organs  of  generation.  The 
female  organs  produce  a  globular  body 
called  the  germ,  or  egg,  which  is  capable 
of  being  developed  into  the  body  of 
the  young  animal  or  plant ;  the  male 
organs  produce  a  substance  which  is 
necessary  to  fecundate  the  germ,  and 
enable  it  to  go  through  with  its  natural 
growth  and  development. 

Such  are  the  only  essential  and  uni- 
versal characters  of  the  organs  of  gene* 
ration.  These  organs,  however,  exhibit 
various  additions  and  modifications  in 
different  classes  of  organized  beings, 
while  they  show  throughout  the  same 
fundamental  and  essential  characters. 
Pdk°piiid».  (MoroiBK  (r'lurro-n*  1°  ^^^  flowcring  pknts,  for  example, 
Ofr^n.  *.  piiiii  c.  e,  s»id<-»,  wiiii  thg  blossom,  which  is  the  irenerative 
apparatus  (Fig.  174),  consists  first  of  a 
female  organ  containing  the  germ  (a),  situated  usually  upon  the 
highest  part  of  the  leaf-bearing  stalk.  This  is  surmounted  by  a 
nearly  straight  column,  termed  the  pistil  (b),  dilated  at  its  summit 
into  a  globular  expansion,  and  occupying  the  centre  of  the  flower. 
Around  it  are  arranged  several  slender  filaments,  or  stamens,  bear- 
ing upon  their  extremities  the  male  organs,  or  anthers  (c,  c).     The 
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whole  ia  eurrounded  by  a  circle  or  orowD  of  delicate  and  brilliaDtl  j 
colored  leares,  termed  the  corolla  {d),  which  ia  frequently  provided 
with  a  smaller  sheath  of  green  leaves  outside,  called  the  calyx  («}. 
The  anthers,  when  arrived  at  maturity,  discharge  a  fine  organic 
dust,  called  the  pollen,  the  granules  of  which  are  caught  upon  the 
extremity  of  the  pistil,  and  then  penetrate  downward  through  its 
tissues,  until  they  reach  its  lower  extremity  and  come  in  contact 
with  the  germ.  The  germ  thus  fecundated,  the  process  of  genera- 
tion is  accomplished.  The  pistil,  anthers,  and  corolla  wither  and 
fall  ofE  while  the  germ  increases  rapidly  in  size,  and  changes  in 
form  and  texture,  antil  it  ripens  into  the  maturf  fruit  or  seed.  It 
is  then  ready  to  be  separated  from  the  parent  stem ;  and,  if  placed 
in  the  proper  soil,  will  germinate  and  at  last  produce  a  new  plant 
similar  to  the  old. 

In  the  above  instance,  the  male  and  female  organs  are  both 
situated  upon  the  same  flower ;  as  in  the  lily,  the  violet,  the  con- 
volvulus, &0.  In  other  cases,  there  are  separate  male  and  female 
flowers  npoa  the  same  plant,  of  which  the  male  flowers  produce 
only  the  pollen,  the  female,  the 
germ  and  fruit    In  others  still  ^^  ^' 

the  male  and  female  flowers  are 
situated  upon  different  plants, 
which  otherwise  resemble  each 
other  aa  in  the  willow  poplar 
and  hemp 

In  animals,  the  female  organs 
of  generation  are  called  ovanes 
since  It  la  in  them  that  the  egg 
or  ovum  IS  produced  The 
male  organs  are  the  testicles 
which  give  ongiQ  to  the  fecun 
dating  product,  or  seminal 
iluid,"  by  which  the  egg  is  fer- 
tilized. We  have  already  men- 
tioned above  that  in  the  articnla- 
Uons  of  the  tapeworm  the  ovaries 
and  testicles  are  developed  to- 
gether. (Fig.  175.)  The  ovary 
(o,  a.  a)  is  a  series  of  branching  follicles  terminating  in  rounded 
extremities,  and  communicating  with  each  other  by  a  central  canal. 
The  testicle  (6)  is  a  narrow,  convoluted  tube,  very  much  folded 
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upon  itself,  which  opens  bj  an  external  orifice  (c)  upon  the  lateral 
border  of  the  articulation,  about  midway  between  its  two  ex- 
tremities. The  spermatic  fluid  produced  in  the  testicle  is  intro- 
duced into  the  female  generative  passage,  which  opens  at  the  same 
Bpotf  and,  penetrating  deeply  into  the  interior,  comes  in  contact 
with  the  eggs,  which  are  thereby  fecundated  and  rendered  fertile. 
The  fertile  eggs  are  afterward  set  free  by  the  rupture  or  decay  of 
the  articulation,  and  a  vast  number  of  young  are  produced  by  their 
development 

In  snails,  also,  and  in  some  other  of  the  lower  animals,  the  ovaries 
and  testicles  are  bpth  present  in  the  same  individual ;  so  that  these 
animals  are  sometimes  said  to  be  "  hermaphrodite,''  or  of  double 
sex.  In  reality,  however,  it  appears  that  the  male  and  female 
organs  do  not  come  to  maturity  at  the  same  time ;  but  the  ovaries 
are  first  developed  and  perform  thdir  function,  after  which  the  tes- 
ticles come  into  activity  in  their  turn.  The  same  individual,  there- 
fore, is  not  both  male  and  female  at  any  one  time;  but  is  first 
female  and  afterward  male,  exercising  the  two  generative  functions 
at  different  ages. 

In  all  the  higher  animals,  however,  the  two  sets  of  generative 
organs  are  located  in  separate  individuals;  and  the  species  is 
consequently  divided  into  two  sexes,  male  and  female.  All  that 
is  absolutely  requisite  to  constitute  the  two  sexes  is  the  existence 
of  testicles  in  the  one,  and  of  ovaries  in  the  other.  Beside  these, 
however,  there  are,  in  most  instances,  certain  secondary  or  acces- 
sory organs  of  generation,  which  assist  more  or  less  in  the  accom- 
plishment of  the  process,  and  which  occasion  a  greater  difference  in 
the  anatomy  of  the  two  sexes.  Such  are  the  uterus  and  mammary 
glands  o(  the  female,  the  vesiculad  seminales  and  prostate  gland 
of  the  male.  The  female  naturally  having  the  immediate  care  of 
the  young  after  birth,  and  the  male  being  occupied  in  providing 
food  and  protection  for  both,  there  are  also  corresponding  differ- 
ences in  the  general  structure  of  the  body,  which  affect  the  whole 
external  appearance  of  the  two  sexes,  and  which  even  show  them- 
selves in  their  mental  and  moral,  as  well  as  in  their  physical 
characteristics.  In  some  cases  this  difference  is  so  excessive  that 
the  male  and  female  would  never  be  recognized  as  belonging  to  the 
same  species,  unless  they  were  seen  in  company  with  each  other. 
Not  to  mention  some  extreme  instances  of  this  among  insects  and 
other  invertebrate  animals,  it  will  be  sufficient  to  refer  to  the  well- 
known  examples  of  the  cock  and  the  hen,  the  lion  and  lioness,  the 
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back  and  the  doe.  In  the  human  species,  also,  the  distinction 
between  the  sexes  shows  itself  in  the  mental  constitution,  the  dis- 
position, habits,  and  pursuits,  as  well  as  in  the  general  conforma- 
tion of  the  body,  and  the  peculiarities  of  external  appearance. 

We  shall  now  study  more  fully  the  character  of  the  male  and 
female  organs  of  generation,  together  with  their  products,  and  the 
manner  in  which  these  are  discharged  from  the  body,  and  brought 
into  relation  with  each  other. 


UOQ  AND  FSHALI  OBOANB  Of  8ENEBATI0K. 


CHAPTER  III. 


ON  THE  EGG,  AND  THE  FEMALE  ORGANS  OF 
OENEBATION. 


Fig.  176. 


The  egg  is  a  globular  body  which  varies  considerably  in  size  in 
difiereut  classes  of  animals,  according  to  the  peculiar  conditions 
under  which  its  development  is  to  lake  place.  In  the  frog  it  mea- 
sures Vj  of  an  inch  in  diameter,  in  the  lamprey  j'j,  in  quadrupeds 
and  in  the  human  species  j^o.  It  consists,  lirst,  of  a  membrauoua 
external  sac  or  envelope,  the  vitelline  membrane  ;  and  secondly,  of  a 
'   spherical  mass  inclosed  in  its  interior,  called  the  vitellus. 

The  vitelline  membrane  in  birds  and  reptiles  is  very  thin,  measur- 
ing often  not  more  than  TKii[s<^f  ^^  i"*^h  in  thickness,  and  is  at  the 
same  time  of  a  somewhat  fibrous  texture. 
In  man  and  the  higher  animals,  on  the 
contrary,  it  is  perfectly  smooth,  structure- 
less and  transparent,  and  is  about  rsVn  of 
an  inch  in  thickness.  Notwithstanding 
its  delicate  and  transparent  appearance  it 
has  a  considerable  degree  of  resistanoe 
and  elasticity.  The  egg  of  the  human 
subject,  for  example,  may  be  perceptibly 
flattened  out  under  the  microscope  by 
pressing  with  the  point  of  a  needle  upon 
d.  o<tm'iniuiT«'ip'«- * '  '^®  ^''P  °^  glass  which  covers  it;  but  it 

still  remains  unbroken,  and  when  the 
pressure  is  removed,  readily  resumes  its  globular  form.  "When  the 
egg  ia  somewhat  flattened  under  the  microscope  in  this  way,  by 
pressure  of  the  glass  slip,  the  apparent  thickness  of  the  vitelline 
membrane  is  increased,  and  it  then  appears  (Fig.  176)  as  a  rather 
wide,  colorless,  and  pellucid  border  or  zone,  surrounding  the  granu- 
lar and  opaque  vitellus.  Owing  to  this  appearance,  it  has  some- 
times received  the  name  of  the  "  zona  pellucida."     The  name  of 
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Titelline  membrane,  however,  ia  the  one  more  generally  adopted, 
and  is  alao  the  more  appropriate  of  the  two. 

The  vitelltu  (b)  is  a  globular,  aemi-aolid  mass,  contained  within 
the  vitelline  membrane.  It  consists  of  a  colorless  albuminoid  sub- 
staoc^  with  an  abundance  of  minute  molecules  and  oleaginous 
granules  scattered  through  it.  These  minute  olea^nous  masses 
give  to  the  vitellns  a  partially  opaque  and  granular  aspect  under 
the  microscop&  Imbedded  in  the  vitellus,  usually  near  its  surface 
and  almost  immediately  beneath  the  vitelline  membrane,  there  ia  & 
clear,  colorless,  transparent  vesicle  (c)  of  a  rounded  form,  known 
as  the  germinalive  vesicle.  In  the  egg  of  the  human  subject  and  of 
the  quadrupeds,  this  vesicle  measures  ggg  to  do  of  an  inch  in 
diameter.  It  presents  upon  its  surface  a 
darkspot,likeanucIeus((Ot^hi<^liiBl^°own  "^'B'   "* 

by  the  name  of  the  germinative  spot.  The 
germinative  vesicle,  with  its  nucleus-like 
spot,  is  often  partially  concealed  by  the 
granules  of  the  vitellus  by  which  it  is  sur- 
rounded, but  it  may  always  be  discovered 
by  careful  examination. 

If  the  egg  be  ruptured  by  exceaeivepres-  Hram  oto.  npinnd  i>7 
sure  under  the  microscope,  the  vitellus  is  p"""":  ''""';''  '""  '""'" 
seen  to  have  a  gelatinous  oonaistency.  It 
is  gradually  expelled  fix>m  the  vitelline  (JJ^|^ 
cavity,  but  still  retains  the  granules  and  oil 

globules  entangled  in  its  subatance.  (Fig.  177.)  The  edges  d  the 
fractured  vitelliue  membrane,  under  these  oinjumstances,  present  a 
smooth  and  nearly  straight  outline,  without  any  appearanoe  of 
laceration  or  of  a  fibrous  structure.  The  membrane  is,  to  all  ap- 
pearance, perfectly  homogeneous. 

The  most  essential  constituent  of  the  egg  is  the  vitellus.  It  is 
from  the  vitellus  that  the  body  of  the  embryo  will  afterward  be 
formed,  an^  the  organs  of  the  new  individual  developed.  The 
vitelline  membrane  is  merely  a  protective  incloaure,  intended  to 
secure  the  vitellus  from  injury,  and  enable  it  to  retain  its  figure 
during  the  early  periods  of  development 

The  egg,  as  above  described,  consists  therefore  of  a  simple 
vitellus  of  minute  size,  and  a  vitelline  membrane  inclosing  it.  It 
is  such  an  egg  which  is  found  in  the  human  subject,  the  quadru- 
peds, most  aquatic  reptiles,  very  many  fiah,  and  some  invertebrate 
animals.  Id  Dearly  all  those  species,  in  fac^  where  the  fecundated 
85 
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eggs  are  deposited  and  hatched  in  the  water,  as  well  as  those  in 
which  they  are  retained  in  the  body  of  the  female  until  the  develop- 
ment of  the  young  is  completed,  such  an  egg  as  above  described  is 
sufficient  for  the  formation  of  the  embryo;  since  during  its  develop- 
ment it  can  absorb  freely,  either  from  the  water  in  which  it  floats, 
or  firom  the  mucous  membrane  of  the  female  generative  organs,  the 
requisite  supply  of  nutritious  fluids.  But  in  birds  and  in  the 
terrestrial  reptiles,  such  as  lizards,  tortoises,  &c.,  where  the  eggs 
.  are  expelled  from  the  body  of  the  female  at  an  early  period,  and 
I  incubated  on  land,  there  is  no  external  source  of  nutrition,  to  pro- 
vide for  the  support  of  the  young  animal  during  its  development. 
In  these  instances  accordingly  the  vitellus,  or  ''yolk,'*  as  it  is  called, 
is  of  very  large  size ;  and  the  bulk  of  the  egg  is  still  further  in- 
creased by  the  addition,  within  the  female  generative  passages,  of 
layers  of  albumen  and  various  external  fibrous  and  calcareous 
envelopes.  The  essential  constituents  of  the  egg,  however,  still 
remain  the  same  in  character,  and  the  process  of  embryonic  deve- 
lopment follows  the  same  general  laws  as  in  other  cases. 

The  eggs  are  produced  in  the  interior  of  certain  organs,  situated 
in  the  abdominal  cavity,  called  the  ovaries.  These  organs  consist 
of  a  number  of  globular  sacs,  or  follicles,  known  as  the  "  Graafian 
follicles/'  each  one  of  which  contains  a  single  egg.  The  follicles 
are  connected  with  each  other  by  a  quantity  of  vascular  areolar 
tissue,  which  binds  them  together  into  a  well-defined  and  consistent 
mass,  covered  upon  its  exterior  by  a  layer  of  peritoneum.  The 
egg  has  sometimes  been  spoken  of  as  a  ''  product,"  or  even  as  a 
"secretion"  of  the  ovary.  Nothing  can  be  more  inappropriate, 
however,  than  to  compare  the  egg  with  a  secretion,  or  to  regard  the 
ovary  as  in  any  respect  resembling  a  glandular  organ.  The  egg  is 
simply  an  organized  body,  growing  in  the  ovary  like  a  tooth  in  its 
follicle,  and  forming  a  constituent  part  of  the  body  of  the  female. 
It  is  destined  to  be  finally  separated  from  its  attachments  and 
thrown  off;  but  until  that  time,  it  is,  properly  speaking,  a  part  of 
the  ovarian  texture,  and  is  nourished  like  any  other  portion  of  the 
female  organism. 

The  ovaries,  accordingly,  since  they  are  directly  concerned  in 
the  production  of  the  eggs,  are  to  be  regarded  as  the  essential 
parts  of  the  female  generative  apparatus.  Beside  them,  however, 
there  are  usually  present  certain  other  organs,  which  play  a  secon- 
dary or  accessory  part  in  the  process  of  generation.  The  most 
important  of  these  accessory  organs  are  two  symmetrical  tubes,  or 
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Plff.  178. 


oviducts,  which  are  destined  to  receive  the  eggs  at  their  internal 
extremitj  and  convey  them  to  the  external  generative  orifice.  The 
mucous  membrane  lining  the  oviducts  is  also  intended  to  sapply 
certain  secretions  daring  the  passage  of  the  egg,  which  are  reqtd- 
Bite  either  to  complete  its  Btmcture,  or  to  provide  for  the  natrition 
of  the  embryo. 

In  the  frog,  for  example,  the  oviduct  commences  at  the  upper 
part  of  the  abdomen,  by  a  rather  wide  orifice,  which  communicates 
directly  with  the  peritoneal  cavity.  It 
Boon  after  contracts  to  a  narrow  tube, 
and  pursues  a  zigzag  course  down  the 
side  of  the  abdomen  (Fig,  178),  folded 
upon  itself  in  convolntions,  like  the 
small  intestine,  until  it  opens,  near  its 
fellow  of  the  opposite  side,  into  the 
"  cloaca"  or  lower  part  of  the  intestinal 
canal.  The  oviducts  present  the  same 
general  characters  with  those  described 
above,  in  nearly  all  species  of  reptiles 
and  birds ;  though  there  are  some  modi- 
fications, in  particular  instances,  which 
do  not  require  any  special  notice. 

The  ovaries,  as  well  as  the  eggs  which 
they  contain,  undergo  at  particalsr  sea- 
sons a  periodical  development  or  increase  ''■*'■■_  "■'«■**"»  '^*' 
in  growth.  If  we  examine  the  female  ».».  oiidiMU.  c.«.  Th*ir  momii 
frog  in  the  latter  part  of  snmmer  or  the  ^i'„°^^J^^"''°'  *"^ 
ihll,  we  shall  find  the  ovaries  presenting 

the  appearance  of  small  clusters  of  minate  and  nearly  colorless 
eggs,  the  smaller  of  which  are  perfectly  transparent  and  not  over 
T]i7  of  an  inch  in  diameter.  But  in  the  early  spring,  when  the 
seaaoQ  of  reproduction  approaches,  the  ovaries  will  be  found  in- 
creased to  four  or  five  times  their  former  size,  and  forming  large 
lobulated  masses,  crowded  with  dark-colored  opaque  eggs,  measur- 
ing T^  of  an  inch  in  diameter.  At  the  approach  of  the  generative 
season,  in  all  the  lower  animale^  a  certain  number  of  the  eggs,  which 
were  previously  in  an  imperfect  and  inactive  condition,  begin  to 
increase  in  size  and  become  somewhat  altered  in  structure.  The 
vitellus  more  especially,  which  was  before  colorless  and  transparent, 
becomes  granular  in  texture  as  well  as  increased  in  volume;  and 
assumes  at  the  same  time,  in  many  species  of  animals,  a  black. 
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brown,  yellow,  or  orange  color.  In  the  human  subject,  however, 
the  change  consifita  onlj  in  an  increase  of  size  and  granulation, 
without  any  remarkable  alteration  of  color. 

The  eggs,  aa  they  ripen  in  this  way,  becoming  enlarged  and 
changed  in  texture,  gradually  distend  the  Graafian  follicles  and 
project  from  the  surface  of  the  ovary.  At  last,  when  fully  ripei, 
they  are  discharged  by  a  rupture  of  the  walls  of  the  follicles,  and, 
passing  into  the  oviducts,  are  conveyed  by  them  to  the  external 
generative  orifice,  and  there  expelled.  In  this  way,  as  auccessive 
seasons  come  round,  auccessive  crops  of  eggs  enlarge,  ripen,  leave 
the  ovaries,  and  are  discharged.  Those  which  are  to  be  expelled 
at  the  next  generative  epoch  may  always  bo  recognized  by  their 
greater  degree  of  development;  and  in  this  way,  in  many  animals, 
the  eggs  of  no  less  than  three  different  crops  may  be  recongized  in 
the  ovary  at  once,  viz,,  1st,  tho.se  which  are  perfectly  mature  and 
ready  to  be  discharged ;  2d,  those  which  are  to  ripen  in  the  follow- 
ing season ;  and  3d,  those  which  are  aa  yet  altogether  inactive  and 
undeveloped.  In  most  fish  and  reptiles,  as  well  as  in  birds,  thi3 
regular  process  of  maturation  and  discharge  of  eggs  takes  place 
but  once  a  year.  In  different  species  of  quadrupeda  it  may  take 
place  annually,  aemi-annnally,  bi-monthly,  or  even  monthly;  but 
in  every  instance  it  recurs  at  regular  intervals,  and  exhibits  accord- 
ingly, in  a  marked  degree,  the  periodic  character  which  we  have 
seen  to  belong  to  most  of  the  other  vital  phenomena. 

Action  of  the  Oviducts  and  Female  Oeneralive  Passages. — In  frogs 
and  lizards,  the  ripening  and  discharge  of  the  eggs  take  place,  as 
above  mentioned  in  the  early  spring.     At  the  time  of  leaving  the 
ovary,  the  eggs  consist  simply  of  tha 
''8-  ^'^^-  dark-colored   and   granular  vitellos^^ 

inclosed  in  the  vitelline  membrane^ 
^^^    -^.      They  are  then  received  by  the  inner 
^ift^  CS]j^^*\       extremity  of  the  oviducts,  and  carried 

downward  by  the  peristaltic  move- 
ment of  these  canals,  aided  by  thQ''' 
more  powerful  contraction  of  tlw. 
•nil  in  iB»  o..rr  0.  aiwr  ru-tag  abJominal  muscles.  During  the  pas- 
sage  of  the  eggs,  moreover,  the  mucous 
membrane  of  the  oviduct  secretes  a  colorless,  viscid,  albuminoid 
substance,  which  is  deposited  in  successive  layers  round  each  egg, 
forming  a  thick  and  tenacious  coating  or  envelope.  (Fig.  179.) 
When  the  eggs  ore  finally  discharged,  this  albuminoid   matter 
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absorbs  the  water  in  which  the  spawn  is  deposited,  and  swells  tip 
into  a  transparent  gelatinous  mass,  in  which  the  eggs  are  separately 
imbedded.  This  substance  supplies,  by  its  subsequent  lique&ction 
and  absorption,  a  certain  amount  of  nutritious  material,  during  the 
development  and  early  growth  of  the  embryo. 

In  the  terrestrial  reptiles  and  in  birds,  the  oviducts  perform  a 
still  more  important  secretory  function.  In  the  common  fowl,  the 
ovary  consists,  as  in  the  frog,  of  a  large  number  of  follicles,  loosely 
connected  by  areolar  tissue,  in  which  the  eggs  can  be  seen  in  different 
stages  of  development.  (Fig.  180,  a.)  As  the  egg  which  is  approach- 
ing maturity  enlarges,  it  distends  the  cavity  of  its  follicle,  and  pro- 
jects farther  from  the  general  surface  of  the  ovary ;  so  that  it  hangs 
at  last  into  the  peritoneal  cavity,  retained  only  by  the  attenuated 
wall  of  the  follicle,  and  a  slender  pedicle  through  which  run  the 
bloodvessels  by  which  its  circulation  is  supplied.  A  rupture  of  the 
follicle  then  occurs,  at  its  most  prominent  part,  and  the  egg  is  dis- 
charged from  the  lacerated  opening. 

At  the  time  of  its  leaving  the  ovary,  the  egg  of  the  fowl  consists 
of  a  large,  globular,  orange-colored  vitellus,  or  "yolk,"  inclosed  in 
a  thin  and  transparent  vitelline  membrane.  Immediately  under- 
neath the  vitelline  membrane,  at  one  point  upon  the  surface  of  the 
vitellus,  is  a  round  white  spot^  consisting  of  a  layer  of  minute 
granules,  termed  the  ''  cicatricula."  It  is  in  the  central  part  of  the 
cicatricula  that  the  germinative  vesicle  is  found  imbedded,  at  an 
early  stage  of  the  development  of  the  egg.  At  the  time  of  its 
discharge  from  the  ovary,  the  germinative  vesicle  has  usually  dis- 
appeared ;  but  the  cicatricula  is  still  a  very  striking  and  important 
part  of  the  vitellus,  as  it  is  from  this  spot  that  the  body  of  the  chick 
begins  afterward  to  be  developed. 

At  the  same  time  that  the  egg  protrudes  firom  the  surface  of  the 
ovary,  it  projects  into  the  inner  orifice  of  the  oviduct ;  so  that,  when 
discharged  from  its  follicle,  it  is  immediately  embraced  by  the  upper 
or  fringed  extremity  of  this  tube,  and  commences  its  passage  down- 
ward. In  the  fowl,  the  muscular  coat  of  the  oviduct  is  highly  deve- 
loped, and  its  peristaltic  contractions  gently  urge  the  egg  from  above 
downward,  precisely  as  the  oesophagus  or  the  intestines  transport 
the  food  in  a  similar  direction.  While  passing  through  the  first 
two  or  three  inches  of  the  oviduct  (c,  d),  where  the  mucous  mem- 
brane is  smooth  and  transparent,  the  yolk  merely  absorbs  a  certain 
quantity  of  fluid,  so  as  to  become  more  flexible  and  yielding  in  con- 
sistency.   It  then  passes  into  a  second  division  of  the  generative 


560    BOO  AND  FBHALB  ORGANS  OP  OBNBRATION. 

canal,  in  wtich  the  mucous  membrane  is  thick  and  glandular  i 
texture,  and  i3  also  thrown  into  numerous  longitudinal  fulds,  which 
project  into  the  cavity  of  the  oviduct.  This  portion  of  the  oviduct 
((/,  e),  extends  over  about  nine  inches  of  its  entire  length.  In  ita 
upper  part,  the  mucous  membrane  secretes  a  viscid  material,  hy 
'which  the  yolk  is  encased,  and  which  soon  consolidates  into  a  gela- 
tinous, membranous  deposit ;  thus  forming  a  second  homogeneous 
layer,  outside  the  vitelline  membrane. 

Now  the  peristaltic  movements  of  this  part  of  the  oviduct  are 
8Uoh  as  to  give  a  rotary,  aa  well  as  a  progressive  motion  to  the 
egg ;  and  the  two  extremities  of  the  membranous  layer  described 
above  become,  accordingly,  twisted  in  opposite  directions  into  two 
fine  corda,  which  run  backward  and  forward  from  the  opposite  poles 
of  the  egg.  These  cords  are  termed  the  "  chalazse,"  and  the  mem- 
brane with  which  they  are  connected,  the  "  chalaziferous  membrane." 

Throughout  the  remainder  of  the  second  division  of  the  oviduct, 
the  mucous  membrane  exudes  an  abundant,  gelatinous,  albuminoid 
substance,  which  is  deposited  in  successive  layers  round  the  yolk, 
inclosing  at  the  same  time  the  chalaziferous  membrane  and  the 
chalaziB,  This  substance,  which  forms  the  so-called  albumen,  or 
"  white  of  egg,"  is  semi-solid  in  consistency,  nearly  transparent,  and 
of  a  faint  amber  color.  It  is  deposited  in  greater  abundance  in  front 
of  the  advancing  egg  than  behind  it,  and  forms  accordingly  a 
pointed  or  conical  projection  in  front,  while  behind,  its  outline  is 
rounded  ofC  parallel  with  the  spherical  surface  of  the  yolk.  In  thi.s 
way,  the  egg  acquires,  when  covered  with  ita  albumen,  an  ovoid 
form,  of  which  one  end  is  round,  the  other  pointed;  the  pointed 
extremity  being  always  directed  downward,  as  the  egg  descends 
along  the  oviduct. 

In  the  third  division  of  the  oviduct  (/),  which  ia  about  three  and 
a  half  inches  in  length,  the  mucous  membrane  is  arranged  in  longi- 
tudinal folds,  which  are  narrower  and  more  closely  packed  than  in 
the  preceding  portion.     The  material  secreted  in  this  part,  and  de- 
posited upon  the  egg,  condenses  into  a  firm  iibrous  covering,  com-'l 
posed  of  three  different  layers  which  closely  embrace  the  surface  I 
of  the  albuminous  mass,  forming  a  tough,  flexible,  semi-opaque  f 
envelope  for  the  whole.     These  layers  are  known  as  the  ext«riiaV<1 
middle,  and  internal  fibrous  membranes  of  the  egg. 

Finally  the  egg  passes  into  the  fourth  division  of  the  oviduct  (i 
which  is  wider  than  the  rest  of  the  canal,  but  only  a  little  o 
inches  ia  length.     Hero  the  mucous  membrane,  which  is  ai 
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Fig.  ISO. 


in  abundaot,  projecting,  leaf-like  villosities,  exudes  a  fluiil  very  rich 
I  'in  calcareous  salts.  The  moat  external  of  the  three  membranes 
just  described  is  permeated  by  this  fluid,  and  very  soon  the  calcare- 
ous matter  begins  to  crystallize  ia 
the  interstices  of  its  fibres.  This 
deposit  of  calcareous  matter  goes 
on,  growing  constantly  thicker  and 
more  condensed,  until  the  entire 
external  membrane  ia  converted  into 
a  white,  opaciue,  brittle,  calcarei-'us 
shell,  which  incloses  the  remaining 
portions  and  protects  them  from  ex- 
ternal injury.  The  egg  is  then  driveii 
outward  by  the  contraction  of  the 
muscular  coat  through  a  narrow  por- 
tion of  the  oviduct  (A),  and,  gradually 
dilating  the  passages  by  its  conical 
extremity,  is  finally  discharged  from 
the  external  orifice. 

The  egg  of  the  fowl,  after  it  has 
been  discharged  from  the  body,  con- 
sists, accordingly,  of  various  parts; 
Borne  of  which,  as  the  yolk  and  the 
vitelline  membrane,  entered  into  its 
original  formation,  while  the  remain- 
der have  been  deposited  round  it  dur- 
ing its  passage  through  the  oviduct. 
On  examining  such  an  egg  (Fig.  181), 
we  find  externally  the  calcareous 
shell  (h),  while  immediately  beneath 
it  are  situated  the  middle  and  internal 
fibrous  shell-membranes  {e,  f). 

Soon  after  the  expulsion  of  the  egg 
there  is  a  partial  evaporation  of  its 
watery  ingredients,  which  are  replaced 
by  air  penetrating  through  the  pores 
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of  the  shell  at  its  rounded  extremity.  The  air  tbua  introduced 
accumulates  between  the  middle  and  internal  fibrous  membranes 
at  this  spot,  separating  them  from  each  other,  and  forming  a  cavity 
or  air-chamber  {g),  which  is  always  found  between  the  two  fibrous 
membranes  at  the  rounded  end  of  the  egg.  Next  we  come  to  the 
albumen  or  "  white"  of  the  egg  (d) ;  next  to  the  chalaziferous  mem- 
brane and  chalazfB  (c) ;  and  finally  to  the  vitelline  membrane  (b) 


inclosing  the  yolk  (a).  After  the  expulsion  of  the  egg,  the  external 
layers  of  the  albumen  liquefy ;  and  the  vitellus,  being  specifically 
lighter  than  the  albumen,  owing  to  the  large  proportion  of  oleagin- 
ous matter  which  it  contains,  rises  toward  the  surface  of  the  egg, 
with  the  cicatricula  uppermost.  This  part,  therefore,  presents 
itself  almost  immediately  on  breaking  open  the  egg  upon  its  lateral 
surface,  and  is  placed  in  the  most  favorable  position  for  the  action 
of  warmth  and  atmospheric  air  in  the  development  of  the  chick. 

The  vitellus.  therefore,  is  still  the  essential  and  constituent  portion 
of  the  egg ;  while  all  the  other  parts  consist  either  of  nntritious  mate- 
rial, like  the  albumen,  provided  for  the  support  of  the  embryo,  op 
of  protective  envelopes,  like  the  shell  and  the  fibrous  membranes. 

In  the  quadrupeds,  another  and  still  more  important  modification 
of  the  oviducts  lakes  place.  In  these  animals,  the  egg,  which  is 
originally  very  minute  in  size,  is  destined  to  be  retained  within  the  ■ 
generative  pas-sages  of  the  female  during  the  development  of  the 
embryo.  "While  the  upper  part  of  the  oviduct,  therefore,  is  quite 
□arrow,  and  intended  merely  to  transmit  the  egg  from  the  ovary, 
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and  to  snpplj  h  with  a  little  albaminoas  seoretioa,  its  lower  por- 
tions are  very  muoli  increased  in  size,  and  are  lined,  moreover,  with 
a  mucoufl  membrane,  so  constructed  as  to  provide  for  the  protection 
and  nouriBhment  of  the  embryc^  daring  the  entire  period  of  gesta- 
tion. The  upper  and  narrower  portions  of  the  oviduct  are  known 
as  the  "Fallopian  tubes"  (Fig.  182);  while  the  lower  and  more' 

Fig.  182. 


highly  developed  portions  constitute  the  uteras.  These  lower  por- 
tions unite  with  each  other  upon  the  median  line  near  their  infe- 
rior termination,  so  as  to  form  a  central  organ,  termed  the  "body" 
of  the  uterus ;  while  the  remaining  ununited  parts  are  known  as 
its  "comua"  or  "boms." 

In  the  human  Bul:!iect^  the  female  generative  apparatus  presents 
the  following  pecnliaritieB.  The  ovaries  consist  of  Graafian  follicles, 
which  are  imbedded  in  a  somewhat  dense  areolar  tissue,  supplied 
with  an  abundance  of  bloodvessels.  The  entire  mass  is  covered 
with  a  thick,  opaque,  yellowish  white  layer  of  fibrous  tissue  called 
the  "  albugiueous  tunic,"  Over  the  whole  is  a  layer  of  peritoneum, 
which  is  refieoted  upon  the  vessels  which  supply  the  ovary,  and  is 
continuous  with  the  broad  ligaments  of  the  nterus. 

The  oviducts  commence  by  a  wide  expansion,  provided  with 
fringed  edges,  called  the  "fimbriated  extremity  of  the  Fallopian 
tube."  The  Fallopian  tubes  themselves  are  very  narrow  and  con- 
voluted, and  terminate  on  each  side  in  the  upper  part  of  the  body 
of  the  uterus.  In  the  human  subject,  the  body  of  the  uterus  is  so 
much  developed  at  the  expense  of  the  oomua,  that  the  latter  hardly 
appear  to  have  an  existence ;  and  in  fact  no  trace  of  them  is  visible 
externally.    But  on  opening  the  body  of  the  uterus  its  cavity  is 
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seen  to  be  nearly  triangulnr  in  shape,  its  two  superior  angles  run- 
ning out  on  each  side  to  join  the  lower  extremities  of  the  Fallopian 
tubes.  This  portion  evidently  consists  of  the  cornua,  which  have 
been  consolidated  with  the  body  of  the  uterus,  and  enveloped  in 
its  thickened  layer  of  muscular  fi" 


Fig.  If3. 


The  cavity  of  the  body  of  the  uterus  terminates  below  by  a  con- 
stricted portion  termed  the  os  internum,  by  which  it  is  separated 
from  the  cavity  of  the  cervix.  These  two  cavities  are  not  only 
different  from  each  other  in  shape,  but  differ  also  in  the  structure 
of  their  mucous  membrane  and  the  functions  which  it  is  destined 
to  perform. 

The  mucous  membrane  of  the  body  of  the  ntenis  in  its  usual 
condition  is  smooth  and  rosy  in  color,  and  closely  adherent  to  the 
subjacent  muscular  tissue.  It  consists  of  minute  tubular  follicles 
somewhat  similar  to  those  of  the  gastric  mucous  membrane,  ranged 
aide  by  side,  and  opening  by  distinct  orifices  upon  its  free  surface. 
The  secretion  of  these  follicles  is  destined  for  the  nutrition  of  the 
embryo  during  the  earlier  periods  of  its  formation. 

The  internal  surface  of  the  neck  of  the  uterus,  on  the  other  hand, 
is  raised  in  prominent  ridges  which  are  arranged  usually  in  two 
lateral  sets,  diverging  from  a  central  longitudinal  ridge ;  presenting 
the  appearance  known  as  the  "arbor  vitie  uterina,"  The  follicles 
of  this  part  of  the  uterine  raucous  membrane  are  different  in  struc- 
ture from  those  of  the  foregoing.     They  are  of  a  globular  or  sac- 
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like  form,  and  secrete  a  very  firm,  adhesive,  transparent  mucus, 
which  is  destined  to  block  up  the  cavity  of  the  cervix  during  ges- 
tation, and  guard  against  the  accidental  displacement  of  the  egg. 
Some  of  these  follicles  are  frequently  distended  with  their  secretion, 
and  project*  as  small,  hard,  rounded  eminences,  from  the  surface 
of  the  mucous  membrane.  In  this  condition  they  are  sometimes 
designated  by  the  name  of  '^ovula  Nabothi,"  owing  to  their  having 
been  formerly  mistaken  for  eggs,  or  ovules. 

The  cavity  of  the  cervix  uteri  is  terminated  below  by  a  second 
constriction,  the  ''os  externum."  Below  this  comes  the  vagina, 
which  constitutes  the  last  division  of  the  female  generative  pas- 
sages. 

The  accessory  female  organs  of  generation  consist  therefore  of 
ducts  or  tubes,  by  means  of  which  the  egg  is  conveyed  from  within 
outward.  These  ducts  vary  in  the  degree  and  complication  of 
their  development,  according  to  the  importance  of  the  task  assigned 
to  them.  In  the  lower  orders,  they  serve  merely  to  convey  the  egg 
rapidly  to  the  exterior,  and  to  supply  it  more  or  less  abundantly 
with  an  albuminous  secretion.  In  the  higher  classes  and  in  the 
human  subject,  they  are  adapted  to  the  more  important  function  of 
retaining  the  egg  during  the  period  of  gestation,  and  of  providing 
during  the  same  time  for  the  nourishment  of  the  young  embryo. 
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CHAPTER  IV. 

ON  THE  SPERMATIC  FLUID,  AND  THE  MALE 
OBOANS  OF  OENEBATION. 

The  mature  egg  is  not  by  itself  capable  of  being  developed  into 
the  embryo.  K  simply  discharged  from  the  ovary  and  carried 
through  the  oviducts  toward  the  exterior,  it  soon  dies  and  is  de- 
composed, like  any  other  portion  of  the  body  separated  from  its 
natural  connections.  It  is  only  when  fecundated  by  the  spermatic 
fluid  of  the  male,  that  it  is  stimulated  to  continued  development, 
and  becomes  capable  of  a  more  complete  organization. 

The  ^product  of  the  male  generative  organs  consists  of  a  colorless, 
somewhat  viscid,  and  albuminous  fluid,  contldning  an  innumerable 
quantity  of  minute  filamentous  bodies,  termed  spermatozoa.  The 
name  spermatozoa  has  been  given  to  these  bodies,  on  account  of 
their  exhibiting  under  the  microscope  a  very  active  and  continu- 
ous movement,  bearing  some  resemblance  to  that  of  certain  animal- 
cules. 

The  spermatozoa  of  the  human  subject  (Fig.  184,  a)  are  about 
eii^  of  an  inch  in  length,  according  to  the  measurements  of  Kol- 
liker.  Their  anterior  extremity  presents  a  somewhat  flattened, 
triangular-shaped  enlargement,  termed  the  ''  head."  The  head  con- 
stitutes about  one-tenth  part  the  entire  length  of  the  spermato- 
zoon. The  remaining  portion  is  a  very  slender  filamentous  pro- 
longation, termed  the  "tail,"  which  tapers  gradually  backward, 
becoming  so  exceedingly  delicate  towards  its  extremity,  that  it  is 
difl&cult  to  be  seen  except  when  in  motion.  There  is  no  further 
organization  or  internal  structure  to  be  detected  in  any  part  of  the 
spermatozoon ;  and  the  whole  appears  to  consist,  so  far  as  can  be 
seen  by  the  microscope,  of  a  completely  homogeneous,  tolerably 
firm,  albuminoid  substance.  The  terms  head  and  tail,  therefore, 
as  justly  remarked  by  Bergmann  and  Leuckart,*  are  not  used, 
when  describing  the  different  parts  of  the  spermatozoon,  in  the 
same  sense  as  that  in  which  they  would  be  applied  to  the  corre- 

I  VergleioheDde  Phjalologie.     Stattgart,  1852. 


UALE   OBGANS   Or    QBlTSItATIO:!. 


557 


sponding  parts  of  an  animal,  but  simply  for  the  sake  of  conveni- 
ence ;  ju3t  as  one  might  speak  of  the  head  of  an  arrow,  or  the  tail 
of  a  comet. 

In  the  lower  animals,  the  spermatozoa  have  usually  the  same 
general  form  aa  in  the  human  subject;  that  is,  they  are  slender 
filamentous  bodies,  with  the  anterior  extremity  more  or  less  en- 
larged. In  the  rabbit  they  have  a  head  which  is  roundish  and 
flattened  in  shape,  somewhat  resembling  the  globules  of  the  blood. 
In  the  rat  (Fig.  184,  b)  they  are  much  larger  than  in  man,  measur- 
ing nearly  jj  j  of  an  inch  in  length.     The  head  is  conical  in  shape, 


Fig.  1S4. 


about  one-twentieth  the  whole  length  of  the  filament,  and  often 
slightly  curved  at  its  anterior  extremity.  In  the  frog  and  in  rep- 
tiles generally,  the  spermatozoa  are  longer  than  in  quadrupeds. 
In  the  Menobranchns.  or  great  American  water-lizard,  they  are  of 
very  unusual  size  (Fig,  184,  c),  measuring  not  less  than  ^^  of  an 
inch  in  length,  about  one-third  of  which  is  occupied  by  the  head, 
or  enlarged  portion  of  the  filament. 

The  most  remarkable   peculiarity  of  the  spermatozoa  is  their 
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very  singular  and  active  movement,  to  which  we  have  already 
alluded.  If  a  drop  of  fresh  seminal  fluid  be  placed  under  the 
microscope,  the  numberless  minute  filaments  with  which  it  is 
crowded  are  seen  to  be  in  a  state  of  incessant  and  agitated  motion. 
This  movement  of  the  spermatozoa,  in  many  species  of  animals, 
strongly  resembles  that  of  the  tadpole ;  particularly  when,  as  in  the 
human  subject,  the  rabbit,  &c.,  the  spermatozoa  consist  of  a  short 
and  well  defined  head,  followed  by  a  long  and  slender  tail.  Here 
the  tail-like  filament  keeps  up  a  constant  lateral  or  vibratory  move- 
ment, by  which  the  spermatozoon  is  driven  from  place  to  place  in 
the  spermatic  fluid,  just  as  the  fish  or  the  tadpole  is  propelled 
through  the  water.  In  other  instances^  as  for  example  in  the  water- 
lizard,  and  in  some  parasitic  animals,  the  spermatozoa  have  a  con- 
tinuous writhing  or  spiral-like  movement,  which  presents  a  very 
peculiar  and  elegant  appearance  when  large  numbers  of  them  are 
viewed  together. 

It  is  the  existence  of  this  movement  which  first  suggested  the 
name  of  spermatozoa  to  designate  the  animated  filaments  of  the 
spermatic  fluid ;  and  which  has  led  some  writers  to  attribute  to 
them  an  independent  animal  nature.  This  is,  however,  a  very 
erroneous  mode  of  regarding  them ;  since  they  cannot  properly  be 
considered  as  animalsi,  notwithstanding  the  active  character  of  their 
movement,  and  the  striking  resemblance  which  it  sometimes  pre- 
sents to  a  voluntary  act.  The  spennatozoa  are  organic  forms, 
which  are  produced  in  the  testicles,  and  constitute  a  part  of  their 
tissue ;  just  as  the  eggs,  which  are  produced  in  the  ovaries,  natu- 
rally form  a  part  of  the  texture  of  these  organs.  Like  the  egg, 
also,  the  spermatozoon  is  destined  to  be  discharged  from  the  organ 
where  it  grew,  and  to  retain,  for  a  certain  length  of  time  afterward, 
its  vital  properties.  One  of  the  most  peculiar  of  these  properties 
is  its  power  of  keeping  in  constant  motion ;  which  does  not,  how- 
ever, mark  it  as  a  distinct  animal,  but  only  distinguishes  it  as  a 
peculiar  structure  belonging  to  the  parent  organism.  The  motion 
of  a  spermatozoon  is  precisely  analogous  to  that  of  a  ciliated  epi- 
thelium cell.  The  movement  of  the  latter  will  continue  for  some 
hours  after  it  has,  been  separated  from  its  mucous  membrane,  pro- 
vided its  texture  be  not  injured,  nor  the  process  of  decomposition 
allowed  to  commence.  In  the  same  manner,  the  movement  of  the 
spermatozoa  is  a  characteristic  property  belonging  to  them,  which 
continues  for  a  certain  time,  even  afl»r  they  have  been  separated 
from  the  rest  of  the  body. 
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In  order  to  preserve  their  vitality,  the  spermatozoa  must  be 
kept  at  the  ordinary  temperature  of  the  body,  and  preserved 
from  the  contact  of  the  air  or  other  unnatural  fluids.  In  this  way, 
they  may  be  kept  without  difficulty  many  hours  for  purposes  of 
examination.  But  if  the  fluid  in  which  they  are  kept  be  allowed 
to  dry,  or  if  it  be  diluted  by  the  addition  of  water,  in  the  case  of 
birds  and  quadrupeds,  or  if  it  be  subjected  to  extremes  of  heat  or 
cold,  the  motion  ceases,  and  the  spermatozoa  themselves  soon  begin 
to  disintegrate. 

The  spermatozoa  are  produced  in  certain  glandular-looking 
organs,  the  testicka,  which  are  characteristic  of  the  male,  as  the  ova- 
ries are  characteristic  of  the  female.  In  man  and  all  the  higher 
animals,  the  testicles  are  solid,  ovoid-shaped  bodies,  composed 
principally  of  numerous  long,  narrow,  and  convoluted  tubes,  the 
''  seminiferous  tubes,"  somewhat  similar  in  their  general  anatomical 
characters  to  the  tubuli  uriniferi  of  the  kidneys.  These  tubes  lie 
for  the  most  part  closely  in  contact  with  each  other,  so  that  nothing 
intervenes  between  them  except  capillary  bloodvessels  and  a  little 
areolar  tissue.  They  commence,  by  blind,  rounded  extremities,  near 
the  external  surface  of  the  testicle,  and  pursue  an  intricately  con- 
voluted course  toward  its  central  and  posterior  part.  They  are  not 
strongly  adherent  to  each  other,  but  ra^y  be  readily  unravelled  by 
manipulation,  and  separated  from  each  other. 

The  formation  of  the  spermatozoa,  as  it  takes  place  in  the 
substance  of  the  testicle,  has  been  fully  investigated  by  Kdlliker. 
According  to  his  observations,  as  the  age  of  puberty  approaches, 
beside  the  ordinary  pavement  epithelium  lining  the  seminiferous 
tubes,  other  cells  or  vesicles  of  larger  size  make  their  appearance 
in  these  tubes,  each  containing  from  one  to  fifteen  or  twenty  nuclei, 
with  nucleoli.  It  is  in  the  interior  of  these  vesicles  that  the  sper- 
matozoa are  formed ;  their  number  corresponding  usually  with  that 
of  the  nuclei  just  mentioned.  They  are  at  first  developed  in  bundles 
of  ten  to  twenty,  held  together  by  the  thin  membranous  substance 
which  surrounds  them,  but  are  afterward  set  free  by  the  liquefac- 
tion of  the  vesicle,  and  then  fill  nearly  the  entire  cavity  of  the 
seminiferous  ducts,  mingled  only  with  a  very  minute  quantity  of 
transparent  fluid. 

In  the  seminiferous  tubes  themselves,  the  spermatozoa  are  al- 
ways inclosed  in  the  interior  of  their  parent  vesicles ;  they  are  libe- 
rated, and  mingled  promiscuously  together,  only  after  entering  the 
rete  testis  and  the  head  of  the  epididymis. 


cessic 
portit 

L 


560  MALE    0BGAN3    OF    GBNEBATIOX. 

Beside  tbe  testicles,  which  are,  as  above  stated,  the  primary  and 
essential  parts  of  the  male  generative  apparatus,  there  are  certain 
secondary  or  accessory  organs,  by  means  of  which  the  spermatic 
fluid  is  convoyed  to  the  exterior,  and  mingled  with  various  secre- 
tions which  assist  in  the  accomplishment  of  its  functions. 

As  the  sperm  leaves  the  testicle,  it  consists,  as  above  mentioned, 
almost  entirely  of  the  spermatozoa,  crowded  together  in  an  opaque, 
white,  semi-fluid  ma^s,  which  fills  up  the  vasa  eifurentia,  and  com- 
pletely distends  their  cavities.  It  then  enters  the  single  duct 
which  forms  the  body  and  lower  extremity  of  the  epididymis, 
following  the  long  and  tortuous  course  of  this  tube,  antil  it 
reaches  the  vas  deferens;  through  which  it  is  still  conveyed 
onward  to  the  point  where  this  canal  opens  into  the  urethra. 
Throughout  this  course,  it  is  mingled  with  a  glairy,  mucus-like 
fluid,  secreted  by  the  walls  of  the  epididymis  and  vaa  deferens,  in 
which  the  spermatozoa  are  enveloped.  The  mixture  is  then  depo- 
sited in  the  vesiuuIiB  seminales,  where  it  accumulates,  as  fresh  quan- 
tities are  produced  in  the  testicle  and  conveyed  downward  by  the 
spermatic  duct.  It  is  probable  that  a  second  secretion  is  supplied 
also  by  the  internal  surface  of  the  vesicul»  seminales,  and  that  the 
sperm,  while  retained  in  their  cavities,  is  not  only  stored  up  for 
subsequent  use,  but  is  at  the  same  time  modified  in  its  properties 
by  the  admixture  of  another  fluid. 

At  the  time  when  the  evacuation  of  the  sperm  takes  place,  it  13 
driven  out  from  the  seminal  ve-iicles  by  the  muscular  contraction 
of  the  surrounding  parts,  and  meets  in  the  urethra  with  the  secre- 
tions of  the  prostate  gland,  the  glands  of  Cowper,  and  the  mucous 
follicles  opening  into  the  urethral  passage.  All  these  organs  are  at 
that  time  excited  to  an  unusual  activity  of  secretion,  and  pour  out 
their  diflerent  fluids  in  great  abundance. 

The  Bperm,  therefore,  aa  it  ia  discharged  from  the  urethra,  is  an 
exceedingly  mixed  fluid,  consisting  of  the  spermatozoa  derived 
from  the  testicles,  together  with  the  secretions  of  the  epididymis 
and  vas  deferens,  the  prostate,  Cowper'a  glands,  and  the  mucous  fol- 
licles of  the  urethra.  Of  all  these  ingredients,  it  is  the  spermatozoa 
which  constitute  the  essential  part  of  the  seminal  fluid.  They  are 
the  true  fecundating  element  of  the  sperm,  while  all  the  others  are 
secondary  in  importance,  and  perform  only  accessory  functions, 

Spallanzani  found  that  if  frog's  semen  be  paa.sed  through  a  suc- 
cession of  filters,  so  as  to  separate  the  spermatozoa  from  the  liquid 
portions,  the  filtered  fluid  is  destitute  of  any  fecundating  properties ; 
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while  the  spermatozoa  remaining  entangled  in  the  filter,  if  mixed 
with  a  sufficient  quantity  of  fluid  of  the  requisite  density  for  dilu- 
tion, may  still  be  successfully  used  for  the  impregnation  of  eggs. 
It  is  well  known,  also,  that  animals  or  men  from  whom  both  testi- 
cles have  been  removed,  are  incapable  of  impregnating  the  female 
or  her  eggs ;  while  a  removal  or  imperfection  of  any  of  the  other 
generative  organs  does  not  necessarily  prevent  the  accomplishment 
of  the  function. 

In  most  of  the  lower  orders  of  animals  there  is  a  periodical 
development  of  the  testicles  in  the  male,  corresponding  in  time  with 
that  of  the  ovaries  in  the  female.  As  the  ovaries  enlarge  and  the 
eggs  ripen  in  the  one  sex,  so  in  the  other  the  testicles  increase  in 
size,  as  the  season  of  reproduction  approaches,  and  become  turgid ' 
with  spermatozoa.  The  accessory  organs  of  generation,  at  the 
same  time,  share  the  unusual  activity  of  the  testicles,  and  become 
increased  in  vascularity  and  ready  to  perform  their  part  in  the 
reproductive  function. 

In  the  fish,  for  example,  where  the  testicles  occupy  the  same 
position  in  the  abdomen  as  the  ovaries  in  the  opposite  sex,  these 
bodies  enlarge,  become  distended  with  their  contents,  and  project 
into  the  peritoneal  cavity.  Each  of  the  two  sexes  is  then  at  the 
same  time  under  the  influence  of  a  corresponding  excitement.  The 
unusual  development  of  the  generative  organs  reacts  upon  the  entire 
system,  and  produces  a  state  of  peculiar  activity  and  excitability, 
known  as  the  condition  of  "  erethism."  The  female,  distended  with 
eggs,  feels  the  impulse  which  leads  to  their  expulsion ;  while  the 
male,  bearing  the  weight  of  the  enlarged  testicles  and  the  accumu- 
lation of  newly-developed  spermatozoa,  is  impelled  by  a  similar 
sensation  to  the  discharge  of  the  spermatic  fluid.  The  two  sexes, 
accordingly,  are  led  by  instinct  at  this  season  to  frequent  the  same 
situations.  The  female  deposits  her  eggs  in  some  spot  favorable 
to  the  protection  and  development  of  the  young ;  after  which  the 
male,  apparently  attracted  and  stimulated  by  the  sight  of  the  new- 
laid  eggs,  discharges  the  spermatic  fluid  upon  them,  and  their 
impregnation  is  accomplished. 

In  such  instances  as  the  above,  where  the  male  and  female  gene- 
rative products  are  discharged  separately  by  the  two  sexes,  the 
subsequent  contact  of  the  eggs  with  the  spermatic  fluid  would  seem 
to  be  altogether  dependent  on  the  occurrence  of  fortuitous  circum- 
stances, and  their  impregnation,  therefore,  often  liable  to  fail.  In 
point  of  fact,  however,  the  simultAieous  functional  excitement  of 
86 
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the  two  sexes  and  the  operation  of  corresponding  instincts,  leading 
them  to  ascend  the  same  rivers  and  to  frequent  the  same  spots, 
provide  with  sufficient  certainty  for  the  impregnation  of  the  eggs. 
In  these  animals,  also,  the  number  of  eggs  produced  by  the  female 
is  very  large,  the  ovaries  being  often  so  distended  as  to  fill  nearly 
the  whole  of  the  abdominal  cavity ;  so  that,  although  many  of  the 
eggs  may  be  accidentally  lost»  a  sufficient  number  will  still  be  im- 
pregnated and  developed,  to  provide  for  the  continuation  of 'the 
species. 

In  other  instances,  an  actual  contact  takes  place  between  the 
sexes  at  the  time  of  reproduction.  In  the  frog,  for  example,  the 
male  fastens  himself  upon  the  back  of  the  female  by  the  anterior 
extremities,  which  seem  to  retain  their  hold  by  a  kind  of  spasmodic 
contraction.  This  continues  for  one  or  two  days,  during  which 
time  the  mature  eggs,  which  have  been  discharged  from  the  ovary, 
are  passing  downward  through  the  oviducts.  At  last  they  are  ex- 
pelled from  the  anus,  while  at  the  same  time  the  seminal  fluid  of 
the  male  is  discharged  upon  them,  and  impregnation  takes  place. 

In  the  higher  classes  of  animals,  however,  and  in  man,  where  the 
egg  is  to  be  retained  in  the  body  of  the  female  parent  during  its 
development,  the  spermatic  fluid  is  introduced  into  the  female 
generative  passages  by  sexual  congress,  and  meets  the  egg  at  or 
soon  after  its  discharge  from  the  ovary.  The  same  correspondence, 
liowever,  between  the  periods  of  sexual  excitement  in  the  male  and 
female,  is  visible  in  many  of  these  animals,  as  well  as  in  fish  and 
reptiles.  This  is  the  case  in  most  species  which  produce  young  but 
once  a  year,  and  at  a  fixed  period,  as  the  deer  and  the  wild  hog.  In 
other  species,  on  the  contrary,  such  as  the  dog,  as  well  as  the  rabbit, 
the  guinea  pig,  &c.,  where  several  broods  of  young  are  produced 
during  the  year,  or  where,  as  in  the  human  subject,  the  generative 
epochs  of  the  female  recur  at  short  intervals,  so  that  the  particular 
period  of  impregnation  is  comparatively  indefinite,  the  generative 
apparatus  of  the  male  is  almost  constantly  in  a  state  of  full  deve- 
lopment ;  and  is  excited  to  action  at  particular  periods,  apparently 
by  some  influence  derived  from  the  condition  of  the  female. 

In  the  quadrupeds,  accordingly,  and  in  the  human  species,  the 
contact  of  the  sperm  with  the  egg  and  the  fecundation  of  the  latter 
take  place  in  the  generative  passages  of  the  female ;  either  in  the 
uterus,  the  Fallopian  tubes,  or  even  upon  the  surface  of  the  ovary ; 
in  each  of  which  situations  the  spermatozoa  have  been  found,  after 
the  accomplishment  of  sexual  intercourse. 
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CHAPTER  V. 

ON   PERIODICAL  OVULATION,  AND  THE  FUNCTION 

OP  MENSTRUATIO 

I.  PBRIODICAL  OVULATION. 

Wk  have  already  spoken  in  general  terms  of  the  periodical  ripen- 
ing of  the  eggs  and  their  discharge  from  the  generative  organs  of 
the  female.  This  function  is  known  by  the  name  of  "  ovulation," 
and  may  be  considered  as  the  primary  and  most  important  act  in 
the  process  of  reproduction.  We  shall,  therefore,  enter  more  fully 
into  the  consideration  of  certain  particulars  in  regard  to  it,  by 
which  its  nature  and  conditions  may  be  more  clearly  understood. 

1st.  Eggs  exist  originally  in  the  ovaries  of  all  animals,  as  part  of 
their  natural  structure.  In  describing  the  ovaries  of  fish  and  reptiles 
we  have  said  that  they  consist  of  nothing  more  than  Graafian  vesi- 
cles, each  vesicle  containing  an  egg,  and  united  with  the  others  by 
loose  areolar  tissue  and  a  peritoneal  investment  In  the  higher 
animals  and  in  the  human  subject,  the  essential  constitution  of  the 
ovary  is  the  same ;  only  its  fibrous  tissue  is  more  abundant,  so  that 
the  texture  of  the  entire  organ  is  more  dense,  and  its  figure  more 
compact  In  all  classes,  however,  without  exception,  the  interior 
of  each  Graafian  vesicle  is  occupied  by  an  egg ;  and  it  is  from  this 
egg  that  the  young  offspring  is  afterward  produced. 

The  process  of  reproduction  was  formerly  regarded  as  essentially 
different  in  the  oviparous  and  the  viviparous  animals.  In  the  ovipa- 
rous classes,  such  as  most  fish,  and  all  reptiles  and  birds,  the  young 
animal  was  well  known  to  be  formed  from  an  egg  produced  by  the 
female;  while  in  the  viviparous  animals,  or  those  which  bring 
forth  their  young  alive,  such  as  the  quadrupeds  and  the  human 
species,  the  embryo  was  supposed  to  originate  in  the  body  of  the 
female,  by  some  altogether  peculiar  and  mysterious  process,  in 
consequence  of  sexual  intercourse.  As  soon,  however,  as  the 
microscope  began  to  be  used  in  the  examination  of  the  tissues, 
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the  ovaries  of  quadrupeds  were  also  found  to  contain  eggs.  These 
eggs  had  previously  escaped  observation  on  account  of  their  simple 
structure  and  minute  size;  but  thej  were  nevertheless  found  to 
possess  all  the  most  essential  characters  belonging  to  the  larger 
eggs  of  the  oviparous  animals. 

The  true  difference  in  the  process  of  reproduction,  between  the 
two  classes^  is  therefore  merely  an  apparent,  not  a  fundamental  one. 
In  fish,  reptiles,  and  birds,  the  egg  is  discharged  by  the  female 
before  or  immediately  after  impregnation,  and  the  embryo  is  subse- 
quently developed  and  hatched  externally.  In  the  quadrupeds  and 
the  human  species,  on  the  other  hand,  the  egg  is  retained  within 
the  body  of  the  female  until  the  embryo  is  developed;  when  the 
membranes  are  ruptured  and  the  young  expelled  at  the  same  time. 
In  all  classes,  however,  viviparous  as  well  as  oviparous,  the  young 
is  produced  equally  from  an  egg ;  and  in  all  classes  the  egg,  some- 
times larger  and  sometimes  smaller,  but  always  consisting  essentially 
of  a  vitellus  and  a  vitelline  membrane,  is  contained  originally  in 
the  interior  of  an  ovarian  follicle. 

The  egg  is  accordingly,  as  we  have  already  intimated,  an  integral 
part  of  the  ovarian  tissue.  It  may  be  found  there  long  before  the 
generative  function  is  established,  and  during  the  earliest  periods 
of  life.  It  may  be  found  without  difficulty  in  the  newly  bom 
female  infant,  and  may  even  be  detected  in  the  foetus  before  birth. 
Its  growth  and  nutrition,  also,  are  provided  for  in  the  same  man- 
ner with  that  of  other  portions  of  the  bodily  structure. 

2d.  These  eggs  become  more  fully  developed  at  a  certain  age,  when 
the  generative  function  is  about  to  be  established.  During  the  early 
periods  of  life,  the  ovaries  and  their  contents,  like  many  other 
organs,  are  imperfectly  developed.  They  exist,  but  they  are  as 
yet  inactive,  and  incapable  of  performing  any  function.  In  the 
young  chick,  for  example,  the  ovary  is  of  small  size ;  and  the  eggs, 
instead  of  presenting  the  voluminous,  yellow,  opaque  vitellus  which 
they  afterward  exhibit,  are  minute,  transparent,  and  colorless.  In 
the  young  quadrupeds,  and  in  the  human  female  during  infancy 
and  childhood,  the  ovaries  are  equally  inactive.  They  are  small, 
friable,  and  of  a  nearly  homogeneous  appearance  to  the  naked  eye ; 
presenting  none  of  the  enlarged  follicles,  filled  with  transparent 
fluid,  which  are  afterward  so  readily  distinguished.  At  this  time, 
accordingly,  the  female  is  incapable  of  bearing  young,  because  the 
ovaries  are  inactive,  and  the  eggs  which  they  contain  immature. 

At  a  certain  period,  however,  which  varies  in  the  time  of  its 
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occurrence  for  diflforent  species  of  animals,  the  sexual  apparatus 
begins  to  enter  upon  a  state  of  activity.  The  ovaries  increase  in 
size,  and  their  circulation  becomes  more  active.  The  eggs,  also, 
instead  of  remaining  quiescent,  take  on  a  rapid  growth,  and  the 
structure  of  the  vitellus  is  completed  by  the  abundant  deposit  of 
oleaginous  granules  in  its  interior.  Arrived  at  this  state,  the  eggs 
are  ready  for  impregnation,  and  the  female  becomes  capable  of 
bearing  young.  She  is  then  said  to  have  arrived  at  the  state  of 
"puberty,"  or  that  condition  in  which  the  generative  organs  are 
fully  developed.  This  condition  is  accompanied  by  a  visible 
alteration  in  the  system  at  large,  which  indicates  the  complete 
development  of  the  entire  organism.  In  many  birds,  for  example, 
the  plumage  assumes  at  this  period  more  varied  and  brilliant 
colors;  and  in  the  common  fowl  the  comb,  or  "crest^"  enlarges 
and  becomes  red  and  vascular.  In  the  American  deer  (Cervus 
virginianus),  the  coat,  which  during  the  first  year  is  mottled  with 
white,  becomes  in  the  second  year  of  a  uniform  tawny  or  reddish 
tinge.  In  nearly  all  species,  the  limbs  become  more  compact  and 
the  body  more  rounded ;  and  the  whole  external  appearance  is  so 
altered,  as  to  indicate  that  the  animal  has  arrived  at  the  period  of 
puberty,  and  is  capable  of  reproduction. 

3d.  Successive  crops  of  eggs,  in  the  adult  female,  ripen  and  are 
discharged  independently  of  sexual  intercourse.  It  was  formerly,  sup- 
posed, as  we  have  mentioned  above,  that  in  the  viviparous  animals 
the  germ  was  formed  in  the  body  of  the  female  only  as  a  conse- 
quence of  sexual  intercourse.  Even  after  the  important  fact 
became  known  that  eggs  exist  originally  in  the  ovaries  of  these 
animals,  and  are  only  fecundated  by  the  influence  of  the  sperm- 
atic fluid,  the  opinion  still  prevailed  that  the  occurrence  of  sexual 
intercourse  was  the  cause  of  their  being  discharged  from  the  ovary, 
and  that  the  rupture  of  a  Graafian  vesicle  in  this  organ  was  a 
certain  indication  that  coitus  had  taken  place. 

This  opinion,  however,  was  altogether  unfounded.  We  already 
know  that  in  fish  and  reptiles  the  mature  eggs  not  only  leave  the 
ovary,  but  are  actually  discharged  from  the  body  of  the  female 
while  still  unimpregnated,  and  only  subsequently  come  in  contact 
with  the  spermatic  fluid.  In  fowls,  also,  it  is  a  matter  of  common 
observation  that  the  hen  will  continue  to  lay  fully-formed  eggs,  if 
well  supplied  with  nourishment,  without  the  presence  of  the  cock ; 
only  these  eggs,  being  unimpregnated,  are  incapable  of  producing 
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chicks.    la  oviparoas  animals,  therefore,  the  discharge  of  the  egg, 
as  well  as  its  formation,  is  independent  of  sexual  intercourse. 

Continued  observation  shows  this  to  be  the  case,  also,  in  the 
viviparous  quadrupeds.  The  researches  of  Bischof^  Pouchet,  and 
Coste  have  demonstated  that  in  the  sheep,  the  pig,  the  bitch,  the 
rabbit,  &c.,  if  the  female  be  carefully  kept  from  the  male  until  after 
the  period  of  puberty  is  established,  and  then  killed,  exapnination 
of  the  ovaries  will  show  that  Graafian  vesicles  have  matured,  rup- 
tured, and  discharged  their  eggs,  in  the  same  manner  as  though 
sexual  intercourse  had  taken  place.  Sometimes  the  vesicles  are 
found  distended  and  prominent  upon  the  surface  of  the  ovary; 
sometimes  recently  ruptured  and  collapsed ;  and  sometimes  in  vari- 
ous stages  of  cicatrization  and  atrophy.  Bischoff/  in  several  in- 
stances of  this  kind,  actually  found  the  unimpregnated  eg^s  in  the 
oviduct,  on  their  way  to  the  cavity  of  the  uterus.  In  those  animals 
in  which  the  ripening  of  the  eggs  takes  place  at  short  intervals,  as, 
for  example,  the  sheep,  the  pig,  and  the  cow,  it  is  very  rare  to  exa- 
mine the  ovaries  in  any  instance  where  traces  of  a  more  or  less 
recent  rupture  of  the  Graafian  follicles  are  not  distinctly  visible. 

One  of  the  most  important  facts,  derived  from  the  examination 
of  such  cases  as  the  above,  is  that  the  ovarian  eggs  become  deve- 
loped and  are  discharged  in  successive  crops,  which  follow  each 
other  regularly  at  periodical  intervals.  If  we  examine  the  ovary 
of  the  fowl,  for  example  (Fig.  180),  we  see  at  a  glance  how  the  eggs 
grow  and  ripen,  one  after  the  other,  like  fruit  upon  a  vine.  In  this 
instance,  the  process  of  evolution  is  very  rapid ;  and  it  is  easy  to 
distinguish,  at  the  same  time,  eggs  which  are  almost  microscopic  in 
size,  colorless,  and  transparent;  those  which  are  larger,  firmer, 
somewhat  opaline,  and  yellowish  in  hue ;  and  finally  those  which 
are  fully  developed,  opaque,  of  a  deep  orange  color,  and  just  ready 
to  leave  the  ovary. 

It  will  be  observed  that  in  this  instance  the  difiference  between 
the  undeveloped  and  the  mature  eggs  consists  principally  in  the 
size  of  the  vitellus,  which  is  furthermore,  for  reasons  previously 
given  (Chap.  III.),  very  much  larger  than  in  the  quadrupeds.  It 
is  also  seen  that  it  is  the  increased  size  of  the  vitellus  alone,  by 
which  the  ovarian  follicle  is  distended  and  ruptured,  and  the  egg 
finally  discharged. 

I  M^moire  sur  la  chute  p^riodiqae  de  Toeaf,  &o-,  Annales  dejs  Sciences  NatareUes, 
Aoiit — Septembre,  1844. 
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In  the  human  species  and  the  quadrupeds,  on  the  other  hand, 
the  miorosoopic  egg  never  becomes  large  enough  to  distend  the 
follicle  by  its  own  size.  The  rupture  of  the  follicle  and  the  libera- 
tion of  the  egg  are  accordingly  provided  for,  in  these  instances,  by 
a  totally  different  mechanism. 

In  the  earlier  periods  of  life,  in  man  and  the  higher  animals,  the 
egg  is  Qontained  in  a  Graafian  follicle  which  closely  embraces  its 
exterior,  and  is  consequently  hardly  larger  than  the  egg  itself.  As 
puberty  approaches,  those  follicles  which  are  situated  near  the  free 
surface  of  the  ovary  become  enlarged  by  the  accumulation  of  a 
colorless  serous  fluid  in  their  cavity.  We  then  find  that  the  ovary, 
when  cut  open,  shows  a  considerable  number  of  globular,  transpa- 
rent vesicles,  readily  perceptible  by  the  eye,  the  smaller  of  which 
'are  deep  seated,  but  which  increase  in  size  as  they  approach  the 
free  surface  of  the  organ.  These  vesicles  are  the  Graafian  follicles, 
which,  in  consequence  of  the  advancing  maturity  of  the  eggs  con- 
tained in  them,  gradually  enlarge  as  the  period  of  generation  ap- 
proaches. 

The  Graafian  follicle  at  this  time  consists  of  a  closed  globular 
sac  or  vesicle,  the  external  wall  of  which,  though  quite  translucent, 
has  a  fibrous  texture  under  the  microscope  and  is  well  supplied 
with  bloodvessels.  This  fibrous  and  vascular  wall  is  distinguished 
by  the  name  of  the  "  membrane  of  the  vesicle."  It  is  not  very 
firm  in  texture,  and  if  roughly  handled  is  easily  ruptured. 

The  membrane  of  the  vesicle  is  lined  throughout  by  a  thin  layer 
of  minute  granular  cells,  which  form  for  it  a  kind  of  epithelium, 
similar  to  the  epithelium  of  the  pleura,  pericardium,  and  other 
serous  membranes.  This  layer  is  termed  the  meinbrana  granulosa. 
It  adheres  but  slightly  to  the  membrane  of  the  vesicle,  and  may 
easily  be  detached  by  careless  manipulation  before  the  vesicle  is 
opened,  being  then  mingled,  in  the  form  of  light  flakes  and  shreds, 
with  the  serous  fluid  contained  in  the  vesicle. 

At  the  most  superficial  part  of  the  Graafian  follicle,  or  that 
which  is  nearest  the  surface  of  the  ovary,  the  membrana  granulosa 
is  thicker  than  elsewhere.  Its  cells  are  here  accumulated,  in  a 
kind  of  mound  or  "heap,"  which  has  received  the  name  of  the 
cumulus  proligerus.  It  is  sometimes  called  the  discus  proligerus, 
because  the  thickened  mass,  when  viewed  from  above,  has  a  some- 
what circular  or  disk-like  form.  In  the  centre  of  this  thickened 
portion  of  the  membrana  granulosa  the  egg  is  imbedded.    It  is 
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aocordiagiy  always  situated  at  the  most  superficial  portion  of  the  | 
folliele.  and  advances  in  this  way  toward  the  surface  of  the  ovary. 
Ab  the  period  approaches  at  which  the  egg  is  destined  to  be  dia- 
charged,  the  Graafian  follicle  becomes  more  vascular,  and  enlarges 
by  an  increased  exudation  of  serum  into  its  cavity.    It  then  begioa 

Fig.  IBS. 


to  project  from  the  surface  of  the  ovary,  still  covered  by  the  albu* 
gineoua  tunic  and  the  peritoneum.  (Fig.  186.)  The  constant  accu- 
mulation of  fluid,  however,  in  the  follicle,  exerts  such  a  steady  and 
increasing  pressure  from  within  outward,  that  the  albugineous  tunic 
and  the  peritoneum  successively  yield  before  it;  until  the  Graafl&a 
follicle  protrudes  from  the  ovary  as  a  tense,  roundpd,  translucent 
vesicle,  in  which  the  sense  of 
8-  '8"-  fluctuation  can  be  readily  per- 

ceived on  applying  the  fingers 
to  its  surface.  Finally,  the  pro- 
cess of  effusion  and  distension 
still  going  on,  the  wall  of  the 
vesicle  yields  at  its  most  promi- 
nent portion,  the  contained  flaid 
is  driven  out  with  a  gush,  by  the 
reaction  and  elasticity  of  the 
neighboring  ovarian  tissues,  car- 
rying with  it  the  egg.  still  en- 
tangled in  the  cells  of  the  pro- 
^"il""n.Db™Mg™rl«'r'''''^  "'"'  '     ligerous  disk. 

The  rupture  of  the  Graafiaa 
vesicle  is  accompanied,  in  some  instances,  'by  an  abundant  hemcH^ 
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rhage,  which  takes  place  from  the  internal  surfieu^e  of  the  congested 
follicle,  and  by  which  its  cavity  is  filled  with  blood.  This  occurs 
in  the  human  subject  and  in  the  pig,  and  to  a  certain  extent^  also,  in 
other  of  the  lower  animals.  Sometimes,  as  in  the  cow,  where  no 
hemorrhage  takes  place,  the  Graafian  vesicle  when  ruptured 
simply  collapses ;  after  which  a  slight  exudation,  more  or  less  tinged 
with  blood,  is  poured  out  during  the  course  of  a  few  hours. 

Notwithstanding,  however,  these  slight  variations,  the  expulsion 
of  the  egg  takes  place,  in  the  higher  animals,  always  in  the  manner  | 
above  described,  viz^  by  the  accumulation  of  serous  fluid  in  the ! 
cavity  of  the  Graafian  follicle^  by  which  its  walls  are  gradually  dis- ] 
tended  and  finally  ruptured. 

This  process  takes  place  in  one  or  more  Graafian  follicles  at  a 
time,  according  to  the  number  of  young  which  the  animal  produces 
at  a  birth.  In  the  bitch  and  the  sow,  where  each  litter  consists  of 
from  six  to  twenty  young  ones,  a  similar  number  of  eggs  ripen  and 
are  discharged  at  each  period.  In  the  mare,  in  the  cow,  and  in  the 
human  female,  where  there  is  usually  but  one  foetus  at  a  birth,  the 
eggs  are  matured  singly,  and  the  Graafian  vesicles  ruptured,  one 
afi«r  another,  at  successive  periods  of  ovulation. 

4th.  The  ripening  and  discharge  of  the  egg  are  accompanied  by  a 
peculiar  condition  of  the  entire  system,  known  as  the  **  rutting"  condi- 
tion, or  "  csstnuUionr  The  peculiar  congestion  and  functional 
activity  of  the  ovaries  at  each  period  of  ovulation,  act  by  sympathy 
upon  the  other  generative  organs  and  produce  in  them  a  greater  or 
less  degree  of  excitement,  according  to  the  particular  species  of  ani- 
mal. Almost  always  there  is  a  certain  amount  of  congestion  of  the 
entire  generative  apparatus;  Fallopian  tubes,  uterus,  vagina,  and 
external  organs.  The  secretions  of  the  vagina  and  neighboring 
parts  are  more  particularly  afiected,  being  usually  increased  in  quan- 
tity and  at  the  same  time  altered  in  quality.  In  the  bitch,  the 
vaginal  mucous  membrane  becomes  red  and  tumefied,  and  pours 
out  an  abundant  secretion  which  is  often  more  or  less  tinged  with 
blood.  The  secretions  acquire  also  at  this  time  a  peculiar  odor, 
which  appears  to  attract  the  male,  and  to  excite  in  him  the  sexual 
impulse.  An  unusual  tumefaction  and  redness  of  the  vagina  and 
vulva  are  also  very  perceptible  in  the  rabbit ;  and  in  some  species 
of  apes  it  has  been  observed  that  these  periods  are  accompanied 
not  only  by  a  bloody  discharge  from  the  vulva,  but  also  by  an  en- 
gorgement and  infiltration  of  the  neighboring  parts,  extending  even 
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to  the  skin  of  the  buttocka^  the  thighs^  and  the  under  part  of  the 
tail.* 

The  system  at  large  is  also  visibly  affected  by  the  process  going 
on  in  the  ovary.  In  the  cow,  for  example,  the  approach  of  an 
oestrual  period  is  marked  by  an  unusual  restlessness  and  agitation, 
easily  recognized  by  an  ordinary  observer.  The  animal  partially 
loses  her  appetite.  She  frequently  stops  browsing,  looks  about  un- 
easily, perhaps  runs  from  one  side  of  the  field  to  the  other,  and  then 
recommences  feeding,  to  be  disturbed  again  in  a  similar  manner 
after  a  short  interval.  Her  motions  are  rapid  and  nervous,  and  her 
hide  often  rough  and  disordered ;  and  the  whole  aspect  of  the  ani- 
mal indicates  the  presence  of  some  unusual  excitement  After  thLs 
condition  is  fully  established,  the  vaginal  secretions  show  them- 
selves in  unusual  abundance,  and  so  continue  for  one  or  two  days ; 
after  which  the  symptoms,  both  local  and  general,  subside  sponta- 
neously, and  the  animal  returns  to  her  usual  condition. 

It  is  a  remarkable  fact,  in  this  connection,  that  the  female  of 
these  animals  will  allow  the  approaches  of  the  male  only  during  and 
immediately  aft;er  the  oestrual  period ;  that  is,  jast  when  the  egg  is 
recently  discharged,  and  ready  for  impregnation.  At  other  times, 
when  sexual  intercourse  would  be  necessarily  fruitless,  the  instinct 
of  the  animal  leads  her  to  avoid  it ;  and  the  concourse  of  the  sexes 
is  accordingly  made  to  correspond  in  time  with  the  maturity  of  the 
egg  and  its  aptitude  for  fecundation. 

II.  MENSTRUATION. 

In  the  human  female,  the  return  of  the  period  of  ovulation  is 
marked  by  a  peculiar  group  of  phenomena  which  are  known  as 
menstruation,  and  which  are  of  sufficient  importance  to  be  described 
by  themselves. 

During  infancy  and  childhood  the  sexual  system,  as  we  have 
mentioned  above,  is  inactive.  No  discharge  of  eggs  takes  place 
from  the  ovaries,  and  no  external  phenomena  show  themselves, 
connected  with  the  reproductive  function. 

At  the  age  of  fourteen  or  fifteen  years,  however,  a  change  begins 
to  manifest  itself.  The  limbs  become  rounder,  the  breasts  increase 
in  size,  and  the  entire  aspect  undergoes  a  peculiar  alteration,  which 
indicates  the  approaching  condition  of  maturity.  At  the  same 
time  a  discharge  of  blood  takes  place  from  the  generative  passages, 

'  PoQchet,  Throne  positive  de  Tovulation,  &o.     Paris,  1847,  p.  230. 
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accompanied  by  some  disturbance  of  the  general  system,  and  tlie 
female  is  then  known  to  have  arrived  at  the  period  of  puberty. 

Afterward,  the  bloody  discharge  just  spoken  of  returns  at  regular 
intervals  of  four  weeks ;  and,  on  account  of  this  recurrence  corres- 
ponding with  the  passage  of  successive  lunar  months,  its  phenomena 
are  designated  by  the  name  of  the  "menses"  or  the  "menstrual 
periods."  The  menses  return  with  regularity,  from  the  time  of 
their  first  appearance,  until  the  age  of  about  forty-five  years. 
During  this  period,  the  female  is  capable  of  bearing  children,  and 
sexual  intercourse  is  liable  to  be  followed  by  pregnancy.  After 
the  forty-fifth  year,  the  periods  first  become  irregular,  and  then 
cease  altogether ;  and  their  final  disappearance  is  an  indication  that 
the  woman  is  no  longer  fertile,  and  that  pregnancy  cannot  again 
take  place. 

Even  during  the  period  above  referred  to,  from  the  age  of  fifteen 
to  forty-five,  the  regularity  and  completeness  of  the  menstrual 
periods  indicate  to  a  great  extent  the  aptitude  of  individual  females 
for  impregnation.  It  is  well  known  that  all  those  causes  of  ill 
health  which  derange  menstruation  are  apt  at  the  same  time  to 
interfere  with  pregnancy ;  so  that  women  whose  menses  are  habi- 
tually regular  and  natural  are  much  more  likely  to  become  preg- 
nant, after  sexual  intercourse,  than  those  in  whom  the  periods  are 
absent  or  irregular. 

If  pregnancy  happen  to  take  place,  however,  at  any  time  during 
the  child-bearing  period,  the  menses  are  suspended  during  the  con- 
tinuance of  gestation,  and  usually  remain  absent,  after  delivery,  as 
long  as  the  woman  continues  to  nurse  her  child.  They  then  re- 
commence, and  subsequently  continue  to  appear  as  before. 

The  menstrual  discharge  consists  of  an  abundant  secretion  of 
mucus  mingled  with  blood.  When  the  expected  period  is  about 
to  come  on,  the  female  is  affected  with  a  certain  degree  of  discomfort 
and  lassitude,  a  sense  of  weight  in  the  pelvis^  and  more  or  less  dis- 
inclination to  society.  These  symptoms  are  in  some  instances 
slightly  pronounced,  in  others  more  troublesome.  An  unusual 
discharge  of  vaginal  mucus  then  begins  to  take  place,  which  soon 
becomes  yellowish  or  rusty  brown  in  color,  from  the  admixture  of 
a  certain  proportion  of  blood;  and  by  the  second  or  third  day  the 
discharge  has  the  appearance  of  nearly  pure  blood.  The  unpleasant 
sensations  which  were  at  first  manifest  then  usually  subside ;  and 
the  discharge,  aft«r  continuing  for  a  certain  period,  begins  to  grow 
more  scanty.    Its  color  changes  from  a  pure  red  to  a  brownish  or 
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rusty  tinge,  until  it  finally  disappears  altogether,  and  the  female 
returns  to  her  ordinary  condition. 

The  menstrual  epochs  of  the  human  female  correspond  with  the 
periods  of  cestruation  in  the  lower  animals.  Their  general  resem- 
blance to  these  periods  is  too  ^evident  to  require  demonstration. 
Like  them,  they  are  absent  in  the  immature  female;  and  begin 
to  take  place  only  at  the  period  of  puberty,  when  the  aptitude  for 
impregnation  commences.  Like  them,  they  recur  during  the  child- 
bearing  period  at  regular  intervals;  and  are  liable  to  the  same 
interruption  by  pregnancy  and  lactation.  Finally,  their  disappear- 
ance corresponds  with  the  cessation  of  fertility. 

The  periods  of  cestruation,  furthermore,  in  many  of  the  lower 
animals,  are  accompanied,  as  we  have  already  seen,  with  an  unusual 
discharge  from  the  generative  passages ;  and  this  discharge  is  fre- 
quently more  or  less  tinged  with  blood.  In  the  human  female  the 
bloody  discharge  is  more  abundant  than  in  other  instances,  but  it 
is  evidently  a  phenomenon  differing  only  in  degree  from  that  which 
shows  itself  in  many  species  of  animals. 

The  most  complete  evidence,  however,  that  the  period  of  men- 
struation is  in  reality  that  of  ovulation,  is  derived  from  the  results 
of  direct  observation.  A  sufficient  number  of  instances  have  now 
been  observed  to  show  that  at  the  menstrual  epoch  a  Graafian 
vesicle  becomes  enlarged,  ruptures,  and  discharges  its  egg.  Cruik- 
shauk'  noticed  such  a  case  so  long  ago  as  1797.  Negrier*  relates 
two  instances,  communicated  to  him  by  Dr.  Ollivier  d^Angers,  in 
which,  afler  sudden  death  during  menstruation,  a  bloody  and  rup- 
tured Graafian  vesicle  was  found  in  the  ovary.  Bischoff^  speaks  of 
tour  similar  cases  in  his  own  observation,  in  three  of  which  the 
vesicle  was  just  ruptured,  and  in  the  fourth  distended,  prominent, 
and  ready  to  burst.  Coste*  has  met  with  several  of  the  same  kind. 
Dr.  Michel*  found  a  vesicle  ruptured  and  filled  with  blood  in  a 
woman  who  was  executed  for  murder  while  the  menses  were  pre- 
sent. We  have  also**  met  with  the  same  appearances  in  a  case  of 
death  from  acute  disease,  on  the  second  day  of  menstruation. 

*  London  Philosophical  Transactions,  1797,  p.  135. 
«  Rechnrohes  sur  les  Ovaires,  Paris,  1840,  p.  78. 

'  Annates  des  Sciences  Natarelles,  August,  1844. 

*  Histoire  du  Developpemeut  des  Corps  Organist,  Paris,  1847,  toI.  i.  p.  221. 
^  Am.  Joum.  Med.  Soi.,  July,  1848. 

'  Corpus  Luteum  of  Menstruation  and  Pregnancy,  in  Transactions  of  American 
Medical  Association,  Philadelpliia,  1851. 
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The  process  of  OYolatioD;  accordingly,  in  the  human  female, 
accompanies  and  forms  a  part  of  that  of  menstruation.  As  the 
menstrual  period  comes  on,  a  congestion  takes  place  in  nearly  the 
whole  of  the  generative  apparatus ;  in  the  Fallopian  tubes  and  the 
uterus,  as  well  as  in  the  ovaries  and  their  contents.-  One  of  the 
Graafian  follicles  is  more  especially  the  seat  of  an  unusual  vascular 
excitement.  It  becomes  distended  by  the  fluid  which  accumulates 
in  its  cavity,  projects  from  the  surface  of  the  ovary,  and  is  finally 
ruptured  in  tHe  same  manner  as  we  have  already  described  this 
process  taking  place  in  the  lower  animals. 

It  is  not  quite  certain  at  what  particular  period  of  the  menstrual 
flow  the  rupture  of  the  vesicle  and  discharge  of  the  egg  take  place. 
It  is  the  opinion  of  Bischofi^  Pouchet,  and  Baciborski,  that  the 
regular  time  for  this  rupture  and  discharge  is  not  at  the  commence- 
ment, but  towards  the  termination  of  the  period.  Goste*  has  ascer- 
tained, from  his  observations,  that  the  vesicle  ruptures  sometimes 
in  the  early  part  of  the  menstrual  epclch,  and  sometimes  later.  So 
far  as  we  can  learn,  therefore,  the  precise  period  of  the  discharge 
of  the  egg  is  not  invariable.  Like  the  menses  themselves,  it  may 
apparently  take  place  a  little  earlier,  or  a  little  later,  according  to 
various  accidental  circumstances;  but  it  always  occurs  at  some 
time  in  connection  with  the  menstrual  flow^  and  constitutes  the 
most  essential  and  important  part  of  the  catamenial  process. 

The  egg,  w,hen  discharged  from  the  ovaiy,  enters  the  fimbriated 
extremity  of  the  Fallopian  tube,  and  commences  its  passage  toward 
the  uterus.  The  mechanism  by  which  it  finds  its  way  into  and 
through  the  Fallopian  tube  is  difierent,  in  the  quadrupeds  and  the 
human  species,  and  in  birds  and  reptiles.  In  the  latter,  the  bulk 
of  the  egg  or  mass  of  eggs  discharged  is  so  great  as  to  fill  entirely 
the  wide  extremity  of  the  oviduct,  and  they  are  afterward  conveyed 
downward  by  the  peristaltic  action  of  the  muscular  coat  of  this 
canal.  In  the  higher  classes,  on  the  contrary,  the  egg  is  micro- 
scopic in  size,  and  would  be  liable  to  be  lost,  were  there  not  some 
further  provision  for  its  safety.  The  wide  extremity  of  the  Fallo- 
pian tube,  accordingly,  which  is  here  directed  toward  the  ovary,  is 
lined  with  ciliated  epithelium;  and  the  movement  of  the  cilia, 
which  is  directed  from  the  ovary  toward  the  uterus,  produces  a 
kind  of  converging  stream,  or  vortex,  by  which  the  egg  is  neces- 
sarily drawn  toward  the  narrow  portion  of  the  tube,  and  subse- 
quently conducted  to  the  cavity  of  the  uterus. 

>  Loc.  oil. 
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Accidental  causes,  however,  sometimes  disturb  this  regular  course 
or  passage  of  the  egg.  The  egg  may  be  arrested,  for  example, 
at  the  surface  of  the  ovary,  and  so  fail  to  enter  the  tube  at  all. 
If  fecundated  in  this  situation,  it  will  then  give  rise  to  "ovarian 
pregnancy."  It  may  escape  from  the  fimbriated  extremity  into  the 
peritoneal  cavity,  and  form  attachments  to  some  one  of  the  neigh- 
boring organs,  causing  "abdominal  pregnancy;"  or  finally,  it  may 
stop  at  any  part  of  the  Fallopian  tube,  and  so  give  origin  to  "  tubal 
pregnancy." 

The  egg,  immediately  upon  its  discharge  from  the  ovary,  is  ready 
for  impregnation.  If  sexual  intercourse  happen  to  take  place  about 
that  time,  the  egg  and  the  spermatic  fluid  meet  in  some  part  of  the 
female  generative  passages,  and  fecundation  is  accomplished.  It 
appears  from  various  observations  of  Bischofi^  Coste,  and  others, 
that  this  contact  may  take  place  between  the  egg  and  the  sperm, 
either  in  the  uterus  or  any  part  of  the  Fallopian  tubes,  or  even 
upon  the  surface  of  the  ovary.  If,  on  the  other  hand,  coitus  do  not 
take  place,  the  egg  passes  down  to  the  uterus  unimpreguated,  loses 
its  vitality  after  a  short  time,  and  is  finally  carried  away  with  the 
uterine  secretions. 

It  is  easily  understood,  therefore,  why  sexual  intercourse  should 
be  more  liable  to  be  followed  by  pregnancy  when  it  occurs  about 
the  menstrual  epoch  than  at  other  times.  This  fact,  which  was  long 
since  established  as  a  matter  of  observation  by  practical  obstetri- 
cians, depends  simply  upon  the  coincidence  in  time  between  men- 
struation and  the  discharge  of  the  egg.  Before  its  discharge,  the 
egg  is  immature,  and  unprepared  for  impregnation ;  and  after  the 
menstrual  period  has  passed,  it  gradually  loses  its  freshness  and 
vitality.  The  exact  length  of  time,  however,  preceding  and  follow- 
ing the  menses,  during  which  impregnation  is  still  possible,  has  not 
been  ascertained.  The  spermatic  fluid,  on  the  one  hand,  retains  its 
vitality  for  an  unknown  period  after  coition,  and  the  egg  for  an 
unknown  period  after  its  discharge.  Both  these  occurrences  may, 
therefore,  either  precede  or  follow  each  other  within  certain  limits, 
and  impregnation  be  still  possible ;  but  the  precise  extent  of  these 
limits  is  still  uncertain,  and  is  probably  more  or  less  variable  in 
diflferent  individuals. 

The  above  facts  indicate  also  the  true  explanation  of  certain 
exceptional  cases,  which  have  sometimes  been  observed,  in  which 
fertility  exists  without  menstruation.  Various  authors  (Churchill, 
Reid,  Velpeau,  &c.)  have  related  instances  of  fruitful  women  in  whom 
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the  menses  were  very  scanty  and  irregular,  or  even  entirely  absent 
The  menstrual  flow  is,  in  fact,  only  the  external  sign  and  aooompa- 
niment  of  a  more  important  process  taking  place  within.  It  is 
habitually  scanty  in  some  individuals,  and  abundant  in  others. 
Such  variations  depend  upon  the  condition  of  vascular  activity  of 
the  system  at  large,  or  of  the  uterine  organs  in  particular ;  and 
though  the  bloody  discharge  is  usually  an  index  of  the  general 
aptitude  of  these  organs  for  successful  impregnation,  it  is  not  an 
absolute  or  necessary  requisite.  Provided  a  mature  egg  be  dis-I 
charged  from  the  ovary  at  the  appointed  period,  menstruation  pro- 
perly speaking  exists,  and  pregnancy  is  possible. 

The  blood  which  escapes  during  the  menstrual  flow  is  supplied 
by  the  uterine  mucous  membrane.  If  the  cavity  of  the  uterus  be 
examined  after  death  during  menstruation,  its  internal  surface  is 
seen  to  be  smeared  with  a  thickish  bloody  fluid,  which  may  be 
traced  through  the  uterine  cervix  and  into  the  vagina.  The  Fallo- 
pian tubes  themselves  are  sometimes  found  excessively  congested, 
and  filled  with  a  similar  bloody  discharge.  The  menstrual  blood 
has  also  been  seen  to  exude  from  the  uterine  orifice  in  cases  of  pro- 
cidentia uteri,  as  well  as  in  the  natural  condition  by  examination 
with  the  vaginal  speculum.  It  is  discharged  by  a  kind  of  capillary 
hemorrhage,  similar  to  that  which  takes  place  from  the  lungs  in 
cases  of  hasmoptysis,  only  less  sudden  and  violent.  The  blood  does 
not  form  any  visible  coagulum,  owing  to  its  being  gradually  exuded 
from  many  minute  points,  and  mingled  with  a  large  quantity  of 
mucus.  When  poured  out,  however,  more  rapidly  or  in  larger 
quantity  than  usual,  as  in  cases  of  menorrhagia,  the  menstrual  blood 
coagulates  in  the  same  manner  as  if  derived  from  any  other  source. 
The  hemorrhage  which  supplies  it  comes  from  the  whole  extent  of 
the  mucous  membrane  of  the  body  of  the  uterus,  and  is,  at  the  same 
time,  the  consequence  and  the  natural  termination  of  the  periodical 
congestion  of  the  parts. 


576  IISNSTRUATION   AND   PREQNANOY. 


CHAPTER    VI. 

ON   THE  CORPUS  LUTEUM   OF  MENSTRUATION 

AND   PREGNANCY. 

After  the  rupture  of  the  Graafian  follicle  at  the  meDstmal 
period,  a  bloody  cavity  is  left  in  the  ovary,  which  is  subsequently 
obliterated  by  a  kind  of  granulating  process^  somewhat  similar  in 
character  to  the  healing  of  an  abscess.  For  the  Graafian  follicle 
is  intended  simply  for  the  formation  and  growth  of  the  egg. 
After  the  egg  therefore  has  arrived  at  maturity  and  has  been  dis- 
charged, the  Graafian  follicle  has  no  longer  any  function  to  per- 
form. It  then  only  remains  for  it  to  pass  through  a  process  of 
obliteration  and  atrophy,  as  an  organ  which  has  become  useless 
and  obsolete.  While  undergoing  this  process^  the  Graafian  follicle 
is  at  one  time  converted  into  a  peculiar,  solid,  globular  body,  which 
is  called  the  corpus  luteum ;  a  name  given  to  it  on  account  of  the 
yellow  color  which  it  acquires  at  a  certain  period  of  its  formation. 

We  shall  proceed  to  describe  the  corpus  luteum  in  the  human 
species;  first,  as  it  follows  the  ordinary  course  of  development 
after  menstruation ;  and  secondly,  as  it  is  modified  in  its  growth 
and  appearance  during  the  existence  of  pregnancy. 

I.   CORPUS  LUTEUM  OF  MENSTRUATION. 

We  have  already  described,  in  the  preceding  chapter,  the  man- 
ner in  which  a  Graafian  follicle,  at  e^ch  menstrual  epoch,  swells, 
protrudes  from  the  surface  of  the  ovary,  and  at  last  ruptures  and 
discharges  its  egg.  At  the  moment  of  rupture,  or  immediately 
after  it,  an  abundant  hemorrhage  takes  place  in  the  human  sub- 
ject from  the  vessels  of  the  follicle,  by  which  its  cavity  is  filled 
with  blood.  This  blood  coagulates  soon  after  its  exudation,  as 
it  would  do  if  extra vasated  in  any  other  part  of  the  body,  and 
the  coagulum  is  retained  in  the  interior  of  the  Graafian  follicle. 
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The  opening  hy  wbicli  the  ^g  makes  its  escape  is  usually  not  an 
extensive  laceration,  but  a  minute  rounded  perforation,  often  not 
more  than  half  a  line  in  diameter.     A  small  prob^  introduced 
through  this  opening,  passes  directly  into  the 
cavity  of  the  follicle.    If  the  graafian  follicle  ^B- 1^7. 

1)6  opened  at  this  time  by  a  longitudinal  inci- 
sion (Fig.  187),  it  will  be  seen  to  form  a  globu- 
lar cavity,  one-half  to  three-quarters  of  an 
inch  in  diameter,  containing  a  soil,  recent, 
dark-colored  coagulum.  This  coagnlnm  has 
no  organic  connection  with  the  walla  of  the 
follicle,  but  lies  loose  in  its  cavity  and  may  be 
easily  turned  out  with  the  handle  of  a  knife. 
There  is  sometimes  a  slight  mechanical  adhe- 
sion of  the  clot  to  the  edges  of  the  lacerated 
opening,  just  as  the  ooagulom  in  &  recently  ^","'r^^t«^'"i^7^ 
ligatured  artery  is  entangled  by  the  divided  »Mini.«i«ii,  tat  hm 
edges  of  the  internal  and  middle  coats;  but  aoih*ib  Ln^tH^'i^L 
there  is  no  continuity  of  substanoe  between    "ob.— o.    tihm    of   ih* 

,  1111  1  !■!         OT»J.   h.  Hmbni*  oT  Itaa 

them,  and  the  clot  may  be  everywhere  readily    T,dcii..  e.paiai«rnpin:«. 
separated  by  careful  manipulation.    The  mem- 
brane of  the  vesicle  presents  at  this  time  a  smooth,  tranqwiTent^  and 
vascular  internal  snr&ce,  without  any  alteration  of  color,  contdstenoy, 
or  texture. 

An  important  change  however,  soon  b^ns  to  take  place,  both 
in  the  central  coagulum  and  in  the  membrane  of  the  vesicle. 

The  clot,  which  is  at  first  large,  soft,  and  gelatinotis,  like  any 
other  mass  of  coagulated  blood,  begins  to  contract ;  and  the  serum 
separates  from  the  ooagulom  proper.  The  serum,  as  fast  as  it 
separ.ites  from  the  coagulum,  is  absorbed  by  the  neighboring  parts ; 
and  the  clot,  accordingly,  grows  every  day  smaller  and  denser  than 
before.  At  the  same  time  the  coloring  matter  of  the  blood  under- 
goes the  changes  which  usually  take  place  in  it  after  extravasation, 
and  is  partially  reabsorbed  together  with  the  serum.  This  second 
change  is  somewhat  less  rapid  than  the  former,  but  still  a  diminu- 
tion of  color  is  very  perceptible  in  the  clot,  at  the  expiration  of 
two  weeks. 

The  membrane  of  the  vesicle  during  this  time  is  beginning  to 
undergo  a  process  of  hypertrophy  or  development,  by  which  it 
becomes  thickened  and  convoluted,  and  tends  partially  to  fill  up 
37 
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3  follicle.     This  bypertropty  and  convolm 
the  membrane  just  named  commences  and  proceeds*  most  rapidlv^ 
at  the  deeper  part  of  the  follicle,  directly  oppoeite  the  situation  <: 
the  superficial  rupture.     From  this  point  the  membrane  gradualljfi 
becomes  thinner  and  leas  convoluted  as  it  approaches  the  snrfac 
of  the  ovary  and  the  edges  of  the  ruptured  orifice. 

At  the  end  of  tliree  weeks,  this  hypertrophy  of  the  membrane  c 
the  vesicle  ha.s  rwichcd  its  maximum.  The  ruptureil  Graafian  f 
licle  has  now  become  so  completely  solidified  by  the  new  grow 
above  described,  and  by  the  condensation  of  its  ctot,  that  it  receives 
the  name  of  the  cnrpiis  luteuin.  It  forma  a  perceptible  prominence 
OQ  the  surface  of  the  ovary,  and  may  be  felt  b.tween  the  fingers 
fts  a  well-defined  rounded  tumor,  which  is  nearly  always  aomewhat 
flattened  from  side  to  side.  It  measures  about  ihree-fjuartera  of  an 
inch  in  length  and  half  an  inch  in 
Fl"-  18S.  depth.     On  its  surface  may  be  seen  i 

minute  cicatrix  of  the  {)eritoDeaiiij  I 
occu[>ying  the  spot  of  the  original  A 
rupture. 

On  cutting  it  open  at  this  time  (Figi  J 
188),  the  corpus  luteum  is  seen  to  coH'  ' 
Hist,  as  above  described,  of  a  central 
ciiagulum     and    a    convoluted    wall. 
The  eoagulura  ia  semi-transparent,  of' 
a  gray  or  light  greenish  color,  morel 
or  less  mottled  with  red.     The  cod>'*1 
,  voluted  wall   is  about   one-eighth  oTJ 
•  an  inch  thick  at  its  deejiest  part,  and.f 
of   an   indefinite    yellowish   or   rosra 
hue,  not  very  different  in  tinge  front  I 
the  rest  of  the  ovarian  tissue.     The  convoluted  wall  and  the  oon-J 
tained  clot  lie  simply  in  contact  with  each  other,  as  at  first,  without 
any  intervening  membrane  or  other  organic  connection ;  and  they 
may  still  be  readily  separated  from  each  other  by  the  handle  of  a 
knife  or  the  flattened  end  of  a  probe.     The  corpus  luteum  at  this 
time  may  also  be  stripped  out,  or  enucleated  entire,  from  the  ovarian  J 
tissue,  just  as  might  have  been  done  with  the  Graafian  follicle  pro-*J 
viijusly  to  its  rupture.     When  enucleated  in  this  way,  the  corpua 
luteum  presents  itself  under  the  form  of  a  solid  globular  or  flat- 
tened tumor,  with  convolutions  upon  it  somewhat  similar  in  ap- 
pearance to  those  of  the  brain,  and  covered  with  the  ret 
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tlie  areolar  tissue,  by  which  it  was  preTionsly  ooDoected  with  the 
substance  of  the  ovarj. 

After  the  third  week  from  the  close  of  menstruation,  the  corpus 
luteum  passes  into  a  retrograde  condition.    It  diminishes  percep- 
tibly in  size,  and  the  central  coagulum  con- 
tinues to  be  absorbed  and  loses  still  farther  ^'S-  ''^^■ 
its  coloring  matter.     The  whole  body  under- 
goes a  process  of  partial  atrophy;  and  at 
the  end  of  the  fourth  week  it  is  not  more 
than  three-eighths  of  an  inch  in  its  longest 
diameter.  (Fig.  18&,)     The  external  cicatrix 
may  still  usually  be  seen,  as  well   aa   the 
point  where   the   central   coagulum  comes 
in  contact  with  the  peritoneum.     There  is 
still    no   organic   connection    between   the 
central  coagulum  and  the  convoluted  wall; 
but  the  partial  condensation  of  the  clot  and 
the  continued  folding  of  the  wall  prevent  the 
separation  of  the  two  being  so  easily  accom- 
plished as  before,  though  it  may  still  be 
effected  by  careful  management.    The  entire  oorpus  lateom  may 
also  still  be  extracted  from  its  bed  in  the  ovarian  tissue. 

The  color  of  the  convoluted  wall,  during  the  early  part  of  this 
retrograde  stage,  instead  of  fading,  like  that  of  the  fibrinous  coagu- 
lum, becomes  more  strongly  marked.  From  hairing  a  dull  yellowish 
or  rosy  hue,  as  at  first,  it  gradually  as- 
sumes a  brighter  and  more  decided  yellow. 
This  change  of  color  in  the  convoluted 
wall  is  produced  in  consequence  of 
kind  of  fatty  degeneration  which  takes 
place  in  its  texture ;  a  large  quantity  of  oil- 
globules  being  deposited  in  it  at  this  time, 
as  may  be  readily  recognized  under  the 
microscope.  At  the  end  of  the  fourth 
week,  this  alteration  in  hue  is  complete ; 
and  the  outer  wall  of  the  corpus  luteum 
is  then  of  a  clear  chrome-yellow  color,  by 
which  it  is  readily  distinguished  from  all  »■».  dih  *««■  kit*r  nHD>ir<i>- 
the  neighbormg  tissues.  ^^^^  m«iiiB«iii». 

After  this  period,  the  process  of  atrophy 
and  degeneration  goes  on  rapidly.    The  clot  becomes  constantly 
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more  dense  and  shrivelled,  and  is  soon  converted  into  a  mizrnte^ 
stellate,  white,  or  reddish-white  cicatrix.  The  yellow  wall  becomes 
softer  and  more  friable,  as  is  the  case  with  all  tissues  undergoing 
fatty  degeneration,  and  shows  less  distinctly  the  marking  of  its 
convolutions.  At  the  same  time  its  surfaces  become  confounded 
with  the  central  coagalum  on  the  one  hand,  and  with  the  neigh- 
boring tissues  on  the  other,  so  that  it  is  no  longer  possible  to  separate 
them  fairly  from  each  other.  At  the  end  of  eight  or  nine  weeks 
(Fig.  190)  the  whole  body  is  reduced  to  the  condition  of  an  insignifi- 
canty  yellowish,  cicatrix-like  spot,  measuring  less  than  a  quarter  of 
an  inch  in  its  longest  diameter,  in  which  the  original  texture  of  the 
corpus  luteum  can  be  recognized  only  by  the  peculiar  folding  and 
coloring  of  its  constituent  parts.  Subsequently  its  atrophy  goes  on 
in  a  less  active  manner,  and  a  period  of  seven  or  eight  months  some- 
times elapses  before  its  final  and  complete  disappearance. 

The  corpus  luteum,  accordingly,  is  a  formation  which  results 
from  the  filling  up  and  obliteration  of  a  ruptured  Graafian  follicle. 
Under  ordinary  conditions,  a  corpus  luteum  is  produced  at  every 
menstrual  period ;  and  notwithstanding  the  rapidity  with  which  it 
retrogrades  and  becomes  atrophied,  a  new  one  is  always  formed 
before  its  predecessor  has  completely  disappeared. 

When,  therefore,  we  examine  the  ovaries  of  a  healthy  female,  in 
whom  the  menses  have  recurred  with  regularity  for  some  time 
previous  to  death,  several  corpora  lutea  will  be  met  with,  in  difierent 
stages  of  formation  and  atrophy.  Thus  we  have  found,  under  such 
circumstances,  four,  five,  six,  and  even  eight  corpora  lutea  in  the 
ovaries  at  the  same  time,  perfectly  distinguishable  by  their  texture, 
but  very  small,  and  most  of  them  evidently  in  a  state  of  advanced 
retrogression.  They  finally  disappear  altogether,  and  the  number 
of  those  present  in  the  ovary,  therefore,  no  longer  corresponds  with 
that  of  the  Graafian  follicles  which  have  been  ruptured. 

II.  CORPUS  LUTEUM  OF  PREGNANCY. 

Since  the  process  above  described  takes  place  at  every  menstrual 
period,  it  is  independent  of  impregnation  and  even  of  sexual  inter- 
course. The  mere  presence  of  a  corpus  luteum,  therefore,  is  no 
indication  that  pregnancy  has  existed,  but  only  that  a  Graafian 
follicle  has  been  ruptured  and  its  contents  discharged.  We  find, 
nevertheless,  that  when  pregnancy  takes  place,  the  appearance  of 
the  corpus  luteum  becomes  so  much  altered  as  to  be  readily  dis- 
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tingaished  from  that  which  simply  follows  the  ordinary  menstrual 
process.  It  is  proper,  therefore^  to  speak  of  two  kinds  of  corpora 
lutea ;  one  belonging  to  menstruation,  the  other  to  pregnancy. 

The  difference  between  these  two  kinds  of  corpora  lutea  is  not 
an  essential  or  fundamental  difference ;  since  they  both  originate  in 
the  same  way,  and  are  composed  of  the  same  structures.  It  is, 
properly  speaking,  only  a  difference  in  the  degree  and  rapidity  of 
their  development  For  while  the  corpus  luteum  of  menstruation 
passes  rapidly  through  its  different  stages,  and  is  very  soon  reduced 
to  a  condition  of  atrophy,  that  of  pregnancy  continues  its  develop- 
ment for  a  long  time,  attains  a  larger  size  and  firmer  organization, 
and  disappears  finally  only  at  a  much  later  period. 

This  variation  in  the  development  and  history  of  the  corpus 
luteum  depends  upon  the  unusually  active  condition  of  the  pregnant 
uterus.  This  organ  exerts  a  powerful  sympathetic  action,  during 
pregnancy,  upon  many  other  parts  of  the  system.  The  stomach 
becomes  irritable,  the  appetite  is  capricious,  and  even  the  mental 
faculties  and  the  moral  disposition  are  frequently  more  or  less 
affected.  The  ovaries,  however,  feel  the  disturbing  influence  of 
gestation  more  certainly  and  decidedly  than  the  other  organs,  since 
they  are  more  closely  connected  with  the  uterus  in  the  ordinary 
performance  of  their  function*  The  moment  that  pregnancy  takes 
place,  the  process  of  menstruation  is  arrested.  No  more  eggs  come 
to  maturity,  and  no  more  Graafian  follicles  are  ruptured,  during  the 
whole  period  of  gestation.  It  is  not  at  all  singular,  therefore,  that 
the  growth  of  the  corpus  luteum  should  also  be  modified,  by  an 
influence  which  affects  so  profoundly  the  system  at  large,  as  well 
as  the  ovaries  in  particular. 

During  the  first  three  weeks  of  its  formation,  the  growth  of  the 
corpus  luteum  is  the  same  in  the  impregnated  as  in  the  unimpreg- 
nated  condition.  After  that  time,  however,  a  difference  becomes 
manifest  Instead  of  commencing  a  retrograde  course  during  the 
fourth  week,  the  corpus  luteum  of  pregnancy  continues  its  deve- 
lopment The  external  wall  grows  thicker,  and  its  convolutions 
more  abundant  Its  color  alters  in  the  same  way  as  previously 
described,  and  becomes  a  bright  yellow  by  the  deposit  of  fetty 
matter  in  microscopic  globules  and  granules. 

By  the  end  of  the  second  month,  the  whole  corpus  luteum  has 
increased  in  size  to  such  an  extent  as  to  measure  seven-eighths  of 
an  inch  in  length  by  half  an  inch  in  depth.  (Fig.  191.)  The  central 
coagulum  has  by  this  time  become  almost  entirely  decolorized,  so  as 
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^^1  to  present  the  appearance  of  a  purely  fibrinous  depoait.     Sometimes 

^^1  ve  find  that  a  part  of  the  serum,  during  its  separation  frons  the  clot, 

^H  hiis  accumulated  in  the  centre  of  the  mass,  as  in  Fig.  191,  formiug  a 

^^1  little  cavity  containing  a  few 

^H  191 


drops  of  clear  fluid  sod  in- 
closed by  a  whitish,  fibriaoas 
layer,  the  remains  of  the  solid 
portion  of  the  clot.  It 
this  fibrinous  layer  which 
sometimes  been  mistaken 

distinct  organized  mem-' 
brane,  lining  the  internal  sur- 
face of  the  convoluted  wiilI, 

annth;  from«iroinBDj™dfrrnn1iiJumil»i,vni'.ii.  ^""l    which    haS    thuS    led     10 

the  belief  that  the  yellow 
matter  of  tho  corpus  luteum  is  normally  deposited  outside  the  mem- 
brane of  the  Graafian  follicle.  Such,  however,  is  not  its  real  struo- 
ture.  The  convoluted  wall  of  the  corpus  luteum  is  the  membrai 
of  the  follicle  itself,  partially  altered  by  hypertrophy,  as  may 
readily  seen  by  examination  in  the  earlier  stages  of  its  growth  ;  and' 
the  fibrinous  layer,  aituatod'' 
internally,  la  the  original 
bloody  ooagulum,  decolorized 
and  condensed  by  cootinued 
absorption.  The  existence  of 
a  central  cavity  containing 
serous  fluid,  is  merely  au  oc- 
casional, not  a  constant  pheno- 
menon. More  frequently,  the 
fibrinous  clot  ia  solid  through- 
out, the  serum  being  gradually 
absorbed,  as  it  separates  spon- 
taneously from  the  coagalnm. 

'  ■'  During  the  third  and  fourth 

months,  the  enlargement  of  the  corpus  luteum  continues;  so  that  at 
the  end  of  that  time  it  may  measure  seven-eighths  of  an  inch  io 
length  by  three-quarters  of  an  inch  in  depth.  (Fig.  Ift2.)  The  con- 
voluted wall  is  still  thicker  and  more  highly  developed  thanbeforo^ 
having  a  thickness,  at  its  deepest  part,  of  three-sixteenths  of  aa  inch. 
"  Its  color,  however,  has  already  begun  to  fade,  and  ia  now  of  a  dull 
yellow,  instead  of  the  bright,  clear  tmge  which  it  previously  ex.- 
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hibited.  Tbe  central  ooagolum,  perfectly  colorless  and  fibrinous 
m  appearance,  is  often  ao  mueb  flattened  by  the  lateral  compres- 
sion of  its  raasa,  that  it  baa  hardly  a  line  in  thiokneea.  The  other 
relations  of  the  different  parts  of  the  corpus  luteam  remain  the 
same. 

The  corpus  luteam  has  nov  attained  its  maximum  of  develop- 
ment, and  remains  without  any  ybtj  perceptible  alteration  during 
tbe  fifth  and  sixth  months.  It  then  begins  to  retrograde,  diminish- 
ing conetantly  in  size  during  the  seventh  and  eighth  months.  Its 
external  wall  fades  still  more  perceptibly  in  color,  becoming  of  a 
faint  yellowish  white,  not  unlike  that  which  it  presented  at  the  end 
of  the  third  week.  Its  texture  is  thick,  soft,  and  elastic,  and  it  is 
still  strongly  convoluted.  An  abundance  of  fine  red  vessela  can  be 
seen  penetrating  from  the  exterior  into  tbe 
interstices  of  its  convolutions.  The  central 
coagulum  is  reduced  by  this  time  to  tbe 
condition  of  a  whitish,  radiated  cicatrix. 

Tbe  atrophy  of  the  organ  continues  dar- 
ing the  ninth  month.  At  tbe  termination  of 
pregnancy,  it  is  reduced  to  tbe  size  of  half 
an  inch  in  length  and  three-eighths  of  an 
inch  in  depth.  (Fig.  193.)  It  is  then  of  a 
faint  indefinite  hue,  but  little  contrast*^ 
with  the  remaining  tissues  of  the  ovary. 
The  central  cicatrix  has  become  very  small, 
and  appears  only  as  a  thin  whitish  lamina, 
with  radiating  processes  which  run  in  be- 
tween the  interstices  of  tbe  convolutions. 
The  whole  mass,  however,  is  still  quite  firm 
and  resisting  to  tbe  touch,  and  is  readily 
distinguishable,  both  from  its  size  and  tex 
ture,  as  a  prominent  feature  in  the  < 
indication  of  pregnancy.  The  convoluted  structure  of  its  external 
wall  is  very  perceptible,  and  the  point  of  rupture,  with  its  externa'; 
peritoneal  cicatrix,  distinctly  visible. 

After  delivery,  tbe  corpus  luteum  retrogrades  rapidly.  At  the 
end  of  eight  or  nine  weeks,  it  has  become  so  much  altered  that  its 
color  is  no  longer  distinguishable,  and  only  faint  traces  of  its  con- 
voluted structure  are  to  be  discovered  by  close  examination.  Tbese 
traces  may  remain,  however,  for  a  long  time  afterward,  more  or  leas 
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concealed  in  the  ovarian  tissue.  We  have  distinguished  them  so 
late  as  nine  and  a  half  months  after  delivery.  They  finally  disap- 
pear entirely,  together  with  the  external  cicatrix  which  previously 
marked  their  situation. 

During  the  existence  of  gestation,  the  process  of  menstruation 
being  suspended,  no  new  follicles  are  ruptured,  and  no  new  corpora 
lutea  are  produced ;  and  as  the  old  ones,  formed  before  the  period  of 
conception,  gradually  fade  and  disappear,  the  corpus  luteum  which 
marks  the  occurrence  of  pregnancy  after  a  short  time  exists  alone 
in  the  ovary,  and  is  not  accompanied  by  any  others  of  older  date. 
In  twin  pregnancies,  we  of  course  find  two  corpora  lutea  in  the 
ovaries;  but  these  are  precisely  similar  to  each  other,  and,  being 
evidently  of  the  same  date,  will  not  give  rise  to  any  confusion. 
Where  there  is  but  a  single  foetus  in  the  uterus,  and  the  ovaries 
contain  two  corpora  lutea  of  similar  appearance,  one  of  them 
belongs  to  an  embryo  which  has  been  blighted  by  some  accident 
in  the  early  part  of  pregnancy.    The  remains  of  the  blighted  em- 
bryo may  often  be  discovered,  in  such  cases,  in  some  part  of  the 
Fallopian  tubes,  where  it  has  been  arrested  in  its  descent  toward 
the  uterus. 

After  the  process  of  lactation  comes  to  an  end,  the  ovaries  again 
resume  their  ordinary  function.  The  Graafian  follicles  mature  and 
rupture  in  succession,  as  before,  and  new  corpora  lutea  follow  each 
other  in  alternate  development  and  disappearance. 

We  find,  then,  that  the  corpus  luteum  of  menstruation  differs  from 
that  of  pregnancy  in  the  extent  of  its  development  and  the  dura- 
tion of  its  existence.  While  the  former  passes  through  all  the  im- 
portant phases  of  its  growth  and  decline  in  the  period  of  two 
months,  the  latter  lasts  from  nine  to  ten  months,  and  presents, 
during  a  great  portion  of  the  time,  a  larger  size  and  a  more  solid 
organization.  It  will  be  observed  that,  even  with  the  corpus 
luteum  of  pregnancy,  the  bright  yellow  color,  which  is  so  import- 
ant a  characteristic,  is  only  temporary  in  its  duration ;  not  making 
its  appearance  till  about  the  end  of  the  fourth  week,  and  again 
disappearing  after  the  sixth  month. 

The  following  table  contains,  in  a  brief  form,  the  characters  of 
the  corpus  luteum,  as  belonging  to  the  two  different  conditions  of 
menstruation  and  pregnancy,  corresponding  with  different  periods 
of  its  development. 
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At  the  end  of 
three  weeks 
One  month 

Two  months 


Nine  months 


Corpus  Lutbum  op  Mbhbtbuatiov.     Cospus  Lutium  op  Pbbostavct. 

Three-qnarten  of  an  inch  in  diameter ;  central  olot  reddish ;  con- 
voluted wall  pale. 
Smaller ;  convolated  wall  bright   Larger ;  oonTolnted  wall  bright 


yellow ;  clot  still  reddish. 
Reduced  to  the  condition  of 
insignificant  cicatrix. 


an 


Six  months     ,  Absent* 


Absent. 


yellow ;  clot  still  reddish. 

Seven-eighths  of  an  inch  in  dia- 
meter ;  oonvolnted  wall  bright 
yellow  ;  clot  perfectly  decolor- 
ised. 

Still  as  large  as  at  end  of  second 
month ;  clot  fibrinous  ;  convo- 
luted wall  paler. 

One-half  an  inch  in  diameter; 
central  clot  converted  into  a 
radiating  cicatrix ;  the  external 
wall  tolerably  thick  and  convo- 
luted, but  without  any  bright 
yellow  color. 
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CHAPTER  VII. 

ON  THE  DEVELOPMENT  OF  THE  IMPREGNATED 
EGG— SEGMENTATION  OF  THE  VITELLUS— B  L.  AS- 
TODERMIC  MEMBRANE— FORMATION  OF  ORGANS 
IN  THE  PROG.  ^ 

Wk  have  seen,  in  the  foregoing  chapters^  how  the  egg,  produced 
in  the  ovarian  follicle,  becomes  gradually  developed  and  ripened, 
until  it  is  ready  to  be  discharged.  The  egg,  accordingly,  passes 
through  several  successive  stages  of  formation,  even  while  still  con- 
tained within  the  ovary ;  and  its  vitellus  becomes  gradually  com- 
pleted, by  the  formation  of  albuminous  material  and  the  deposit  of 
molecular  granulations.  The  last  change  which  the  egg  undergoes, 
in  this  situation,  and  that  which  marks  its  complete  maturity^  is  the 
disappearance  of  the  germinative  vesicle.  This  vesicle,  which  is,  in 
general,  a  prominent  feature  of  the  ovarian  egg,  disappears  but  a 
short  time  previous  to  its  discharge,  or  eyen  just  at  the  i>eriod  of 
its  leaving  the  Graafian  follicle. 

The  egg,  therefore,  consisting  simply  of  the  mature  vitellus  and 
the  vitelline  membrane,  comes  in  contact,  after  leaving  the  ovary, 
and  while  passing  through  the  Fallopian  tube,  with  the  spermatic 
fluid,  and  is  thereby  fecundated.  By  the  influence  of  fecundation, 
a  new  stimulus  is  imparted  to  its  growth ;  and  while  the  vitality 
of  the  unimpregnated  germ,  arrived  at  this  point,  would  have 
reached  its  termination,  the  fecundated  egg,  on  the  contrary, 
starts  upon  a  new  and  more  extensive  course  of  development,  by 
which  it  is  finally  converted  into  the  body  of  the  young  animal. 

The  egg,  in  the  first  place,  as  it  passes  down  the  Fallopian  tube, 
becomes  covered  with  an  albuminous  secretion.  In  the  birds,  as  we 
have  seen,  this  secretion  is  very  abundant,  and  is  deposited  in  suc- 
cessive layers  around  the  vitellus.  In  the  reptiles,  it  is  also  poureti 
out  in  considerable  quantity,  and  serves  for  the  nourishment  of  the 
egg  during  its  early  growth.  In  quadrupeds,  the  albuminous  matter 
is  supplied  in  the  same  way,  though  in  smaller  quantity,  by  the 
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mucous  membrane  of  tbe  Fallopian  tubes,  aud  envelopes  tlie  egg 
in  a  layer  of  nutritious  mutt^riul. 

A  very  remarkable  change  uow  takes  place  in  the  impregnated  egg. 
which  is  knuwn  as  the  spontaneous  division,  or  segmenlallon,  of  the 
vitellus.  A  I'urrow  first  shows  itself, 
running  round  theglobularmnsaof  the 
vitellus  in  a  verliuai  direction,  which 
gradually  deepens  until  it  has  divided 
the  vitellus  into  two  separate  halves  or 
hemispheres.  (Fig.  194,  a.)  Almost  at 
the  same  time  another  furrow,  run- 
ning at  right  angles  with  the  first, 
penetrates  also  the  substance  of  the 
vitellus  and  cuts  it  in  a  transverse 
direction.  The  vitellus  is  thus  d  i  vided 
into  four  equal  portions  (Fig.  194,  h), 
the  edges  and  angles  of  which  are 
rounded  off,  and  which  are  still  con- 
tained in  the  cavity  of  the  vitelline 
membrane.  The  spaces  between 
them  and  the  internal  surface  of  the 
vitelline  membrane  are  occupied  by 
a  transparent  Quid. 

The  process  thus  commenced  goes 
on  by  a  f^uccessive  formation  of  fur- 
rows and  sections,  in  various  direc- 
tions. Tbe  four  vitelline  segments 
already  produced  are  thus  subdivided 
into  sixteen,  the  sixteen  into  sixty- 
four,  and  so  on  ;  until  tbe  whole  vi- 
tellus is  converted  into  a  mulberry- 
shaped  mass,  composed  of  minute, 
nearly  spherical  bodies,  which  are 
called  the  "vitelline  spheres."  (Fig. 
194,  c.)  These  vitelline  spheres  have 
a  somewhat  firmer  consistency  than 
the  original  substanceof  the  vitellus; 
and  this  consistency  appears  to  in- 
crease, as  they  successively  multiply  in  numbers  and  diminish  in 
size.  At  last  they  have  become  so  abundant  as  to  be  closely 
d  together,  compressed  into  polygonal  forms,  and  flattened 
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against  the  internal  surface  of  the  vitelline  membrane.  (Fig  194,  d.) 
They  have  by  this  time  been  converted  into  true  animal  cells ;  and 
these  cells,  adhering  to  each  other  by  their  adjacent  edges,  form  a 
continuous  organized  membrane,  which  is  termed  the  Blastodermic 
membrane. 

During  the  formation  of  this  membrane,  moreover,  the  egg,  while 
passing  through  the  Fallopian  tubes  into  the  uterus,  has  increased 
in  size.  The  albuminous  matter  with  which  it  was  enveloped  bais 
liquefied;  and,  being  absorbed  by  endosmosis  through  the  vitelline 
membrane,  has  furnished  the  materials  for  the  more  solid  and  ex- 
tensive growth  of  the  newly-formed  structures.  It  may  also  be 
seen  that  a  large  quantity  of  this  fluid  has  accumulated  in  the 
central  cavity  of  the  egg,  inclosed  accordingly  by  the  blastodermio 
membrane,  with  the  original  vitelline  membrane  still  forming  an 
external  envelope  round  the  whole. 

The  next  change  which  takes  place  consists  in  the  division  or 
splitting  of  the  blastodermic  membrane  into  two  layers,  which  are 
known  as  the  external  and  internal  layers  of  die  blastodermic  membrane. 
They  are  both  still  composed  exclusively  of  cells ;  but  those  of  the 
external  layer  are  usually  smaller  and  more  compact,  while  thi>se 
of  the  internal  are  rather  larger  and  looser  in  texture.    The  egg 
then  presents  the  appearance  of  a  globular  sac,  the  walls  of  which 
consist  of  three  concentric  layers,  lying  in  contact  with  and  inclos- 
ing each  other,  viz.,  1st,  the  structureless  vitelline  membrane  on  the 
outside ;  2d,  the  external  layer  of  the  blastodermic  membrane,  com- 
posed of  cells ;  and  3d,  the  internal  layer  of  the  blastodermic  mem- 
brane, also  composed  of  cells.     The  cavity  of  the  egg  is  occupied 
by  a  transparent  fluid,  as  above  mentioned. 

This  entire  process  of  the  segmentation  of  the  vitellus  and  the 
formation  of  the  blastodermic  membrane  is  one  of  the  mi)st  re- 
markable and  important  of  all  the  changes  which  take  place  during 
the  development  of  the  egg.  It  is  by  this  process  that  the  simple 
globular  mass  of  the  vitellus,  composed  of  an  albuminous  matter 
and  oily  granules,  is  converted  into  an  organized  structure.  For 
the  blastodermic  membrane,  though  consisting  only  of  cells  nearly 
uniform  in  size  and  shape,  is  nevertheless  a  truly  organized  mem- 
brane, made  up  of  fully  formed  anatomical  elements.  It  is,  more- 
over, the  first  sign  of  distinct  organization  which  makes  its  appear- 
ance in  the  egg ;  and  as  soon  as  it  is  completed,  the  body  of  the 
new  foetus  is  formed.  The  blastodermic  membrane  is,  in  fact,  the 
body  of  the  fojtus.     It  is  at  this  time,  it  is  true,  exceedingly  simple 
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in  texture ;  but  we  shall  see  hereafter  that  all  the  future  organ? 
of  the  body,  however  varied  and  complicated  in  structure,  arise  out 
of  it,  by  modification  and  development  of  its  different  parts. 

The  segmentation  of  the  vitellus,  moreover,  and  the  formation 
of  the  blastodermic  membrane,  take  place  in  essentially  the  same 
manner  in  all  classes  of  animals.  It  is  always  in  this  way  that 
the  egg  commences  its  development,  whether  it  be  destined  to 
form  afterward  a  fish  or  a  reptile,  a  bird,  a  quadruped,  or  a  man. 
The  peculiarities  belonging  to  difierent  species  show  themselves 
afterward,  by  variations  in  the  manner  and  extent  of  the  develop- 
ment of  difierent  parts.  In  the  higher  animals  and  in  the  human 
subject  the  development  of  the  egg  becomes  an  exceedingly  com- 
plicated process,  owing  to  the  formation  of  various  accessory 
organs,  which  are  made  requisite  by  the  peculiar  conditions  under 
which  the  development  of  the  embryo  takes  place.  It  is,  in  fact^ 
impossible  to  describe  or  understand  properly  the  complex  embry- 
ology of  the  quadrupeds,  and  more  particularly  that  of  the  human 
subject,  without  first  tracing  the  development  of  those  species  in 
which  the  process  is  more  simple.  We  shall  commence  our  descrip- 
tion, therefore,  with  the  development  of  the  egg  of  the  frog,  which 
is  for  many  reasons  particularly  appropriate  for  our  purpose. 

The  egg  of  the  frog,  when  discharged  from  the  body  of  the  female 
and  fecundated  by  the  spermatic  fluid  of  the  male,  is  deposited  in 
the  water,  enveloped  in  a  soft  elastic  cushion  of  albuminous  sub- 
stance. It  is  therefore  in  a  situation  where  it  is  freely  exposed  to 
the  light,  the  air,  and  the  moderate  warmth  of  the  sun's  rays,  and 
where  it  can  absorb  directly  an  abundance  of  moisture  and  appro- 
priate nutritious  material.  We  find  accordingly  that  under  these 
circumstances  the  development  of  the  egg  is  distinguished  by  a 
character  of  great  simplicity;  since  the  whole  of  the  vitellus  is 
directly  converted  into  the  body  of  the  embryo.  There  are  no  acces- 
sory organs  required,  and  consequently  no  complication  of  the 
formative  process. 

The  two  layers  of  the  blastodermic  membrane,  above  described, 
represent  together  the  commencement  of  all  the  organs  of  the  foetus. 
They  are  intended,  however,  for  the  production  of  two  difierent 
systems ;  and  the  entire  process  of  their  development  may  be  ex- 
pressed as  follows :  77ie  external  layer  of  the  blastodermic  membrane 
produces  the  spinal  column  and  all  the  organs  of  animal  life;  while  the 
internal  layer  produces  the  intestinal  canal,  and  all  the  organs  of  vege- 
tative life. 
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The  firfit  sign  of  advancing  organization  in  the  externnl  layer  o 
the  blaatodei'mtc  membrane  shows  ilaelf  in  a  thickening  and  con- 
densation of  its  structure.  Thid  thickened  portion  has  the  form  of  an 
elongated  oval-shaped  spot,  termed  tlie  "  embryonic  spot"  {Fig,  1C5), 
the  wide  edges  of  which  are  somewhat 
more  opaque  than  the  rest  of  tlifc  blssto- 
dtnnic  membrane.  Inclosed  witliin 
th(;se  opaque  edges  is  a  narrower  color- 
less and  transparent  space,  the  "area 
pcllucida,"  and  in  its  centre  iy  a  delicate 
line,  or  furrow,  running  longitudinally 
from  front  to  rear,  which  is  called  the 
"primitive  trace." 

On  each  side  of  the  primitive  trac^ 
ill  tlie  area  pellucida,  the  substance  of 
n.cD«n.FD(  o(  lonoMinn  M  -mhrf..:  tUo  OiaotocJemiic  membrane  rises  up  in 
mi*.  Md  prim  line  If,. ce.'  such  a  manner  as  to  form  two  nearly 

parallel  vertical  plates  or  ridges,  which 
approach  each  other  over  the  dorsal  a.spect  of  the  fcetus  and  are 
therefore  callud  the  "dorsal  plates."  They  at  last  meet  on  the 
median  line,  so  as  lo  inclose  the  furrow  above  described  and  con- 
vert it  into  a  canal.  This  afterward  becomes  the  spinal  canal,  and 
in  its  cavity  is  formed  the  spinal  cord,  by  a  deposit  of  nervous 
matter  upon  its  internal  surface.  At  the  anterior  extremity  of  this 
canal,  its  cavity  is  large  and  rounded,  to  accommodate  the  brain 
and  medulla  oblongata;  at  its  posterior  extremity  it  is  narrow  and 
pointed,  and  contains  the  extremity  of  the  spinal  cord. 

In  a  transverse  section  of  the  egg  at  this  stage  (Fig.  196),  the 
dorsal  plates  may  be  seen  approaching  each  other  above,  on  each 
side  of  the  primitive  furrow  or  "trace."  At  a  more  advanced 
period  (Fig.  197)  they  may  be  seen  fairly  united  with  each  other, 
80  as  to  inclose  the  cavity  of  the  spinal  canal.  At  the  same  time, 
the  edges  of  the  thickened  portion  of  the  blastodermic  membrane 
grow  outward  and  downward,  so  aa  to  spread  out  more  and  more 
over  the  lateral  portions  of  the  vitelline  mass.  These  are  called 
the  "abdominal  plates;"  and  aa  they  increase  in  extent  tliey  tend 
to  unite  with  each  otiier  below  and  inclose  the  abdominal  cavity, 
just  as  the  dorsal  plates  unite  above,  and  inclose  the  spiual  canal. 
At  last  the  abdominal  plates  actually  do  unite  with  each  other  on 
the  median  line  (at  i,  Fig.  197),  embracing  of  course  the  whole 
internal  layer  of  the  blastodermic  membrane  (s),  which  incloses  io^ 
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its  turn  the  remaina  of  the  origiaal  vitellus  and  the  albui 
fluid  which  has  acuumulatetl  Jo  its  cavity. 

Fig.  19ti.  Fig.  197. 


During  thia  time,  there  is  formed,  in  the  thickness  of  the  external 
blastodermic  layer,  immediately  beneath  the  spinal  canal,  a  longitu- 
dinal cartilaginous  cord,  called  the  "chorda  dorsalis."  Around  the 
chorda  dor^lis  are  afterward  developed  the  botliea  of  the  vertebraa 
(Fig.  197,  *),  forming  the  chain  of  the  vertebral  column ;  and  the 
oblique  processes  of  the  vertebrie  run  mtward  from  this  point  into 
the  dorsal  plates;  while  the  transverse  processes,  and  ribs,  run  out- 
ward and  downward  in  the  abdominal  plates,  to  encircle  more  or 
less  completely  the  corresponding  portion  of  the  body. 

If  we  now  examine  the  egg  in  longitudinal  section,  while  this 
process  is  going  on,  the  thickened  portion  of  the  external  blasto- 
dermic layer  may  be  seen  in  profile,  as  at  i.  Fig.  198.  The  anterior 
portion  (a),  which  will  form  the  head,  is  thicker  than  tlie  posterior 
(j).  which  will  form  the  tail  of  the  young  animal.  As  the  whole 
njass  grows  rapidly,  both  in  the  anterior  and  the  posterior  direc- 
tion, the  head  becomes  very  thick  and  voluminous,  while  the  tail  also 
begins  to  project  backward,  and  the  whole  egg  assumes  a  distinctly 
elongated  form.  (Fig.  199.)     The  alHlominal  plates  nt  ihe  same  time 


i  formatiqi^H 
c,  and  pl^^H 


of  orgJins  of  special  sense.  The  tail  also  inoreasea  in  size,  a 
jeuta  farther  from  the  posterior  extremity  of  the  embryo.  Tho~ 
spinal  cord  runs  in  a  longitudinal  direction  from  front  to  rear,  nnd 
its  anterior  extremity  enlarges,  so  as  to  form  the  brain  and  medulla 
oblongata.  In  the  mean  time,  the  internal  blastodermic  layer,  which 
is  subsequently  to  be  converted  into  the  intestinal  canal,  has  been 
shut  in  by  the  abdominal  walla,  and  still  forms  a  perfectly  closed 
sac,  of  a  slightly  elongated  figure,  without  either  iidet  or  outlet. 
Afterward,  the  mouth  is  formed  by  a  process  of  atrophy  and  perfo- 
ration, which  takes  place  through  both  external  and  internal  layerj 
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at  tbe  unterior  extremity,  wKile  a  Bitnilar  perforation,  at  tbe  poste- 
rior extremity,  results  ia  the  formation  of  the  anus. 

All  tlieso  parts,  however,  are  as  yet  imperfect;  and,  being  merely 
in  the  course  of  formation,  are  iucapable  of  performing  any  active 
function. 

By  a  continuation  of  tbe  same  process,  the  difierent  portions  of 
the  external  blastodermic  layer  are  further  developed,  bo  as  to  re- 
sult in  the  complete  formation  of  the  various  parts  of  the  skeleton, 
the  integuiHL'nt,  the  organs  of  special  sense,  and  the  voluntary 
nerves  and  muscles.  The  tail  at  the  sfime  time  acquires  sufUcient 
size  and  strength  to  be  capable  of  acting  as  an  organ  of  locomo- 
tion. (Fig.  201.)     The  intestinal  canal,  which  has  been  formed  from 

Fig.  201. 


the  internal  blastodermic  layer,  ia  at  first  a  short,  wide,  and  nearly 
straight  tube,  running  directly  from  the  mouth  to  the  anns.  It 
soon,  however,  begins  to  grow  faster  than  the  abdominal  cavity 
which  incloses  it,  becoming  longer  and  narrower,  and  is  at  the 
same  time  thrown  into  numerous  convolutions.  It  thus  presents 
a  larger  internal  surface  for  the  performance  of  the  digestive 
process. 

Arrived  at  thi3"period.  the  young  tadpole  ruptures  the  vitelline 
membrane,  by  which  lie  has  heretofore  been  inclosed,  and  leaves  the 
cavity  of  the  egg.  He  at  first  fastens  himself  upon  the  remains  of 
the  albuminous  matter  deposited  round  the  egg,  and  feeds  upon  it  for 
a  short  period.  He  soon,  however,  acquires  sufficient  strength  and 
activity  to  swim  about  freely  in  search  of  other  food,  propelling 
himself  by  means  of  hia  large,  membranous,  and  muscular  tail. 
The  alimentary  cannl  increases  very  rapidly  in  length  and  becomes 
spirally  coiled  up  in  the  abdominal  cavity,  so  as  to  attain  a  length 
from  seven  to  eight  times  greater  than  that  of  the  entire  body. 
.  After  a  time,  a  change  takes  place  in  the  external  form  of  the 
young  animal.  The  posterior  extremities  or  limbs  begin  to  show 
S8 
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themselves,  by  budding  or  sprouting  from  the  sides  of  the  bodjr, 
jiwt  at  the  base  of  the  tail.  (Fig.  202.)  The  anterior  extremities  also 
grow  at  this  lime,  but  are  at  first  concealed  underneath  the  integu- 
ment. They  afterward,  however,  become  liberated,  aud  show  them- 
selves externally.  At  first  both  the  fore  and  hyjd  legs  are  very 
small,  imperfect  ia  structure,  and  altc^ther  useless  for  purposes  of 
locomotion.  They  soon,  however,  increase  in  size  and  strength; 
and  while  they  keep  pace  with  the  increasing  development  of  the 
whole  body,  the  tail  on  the  contrary  ceases  to  grow,  and  becomes 
shrivelled  and  atrophied.  The  limb.%  in  fact,  are  destined  finally 
to  replace  the  tail  as  organs  of  locomotion ;  and  a  time  ai  last 
arrives  (Fig,  203)  when  the  tail  has  altogether  disappeared,  while 


Fig.  2t>2. 
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the  legs   have   become   fully  developed,  muscular  and  powerfifl 
Then  the  animal,  which  was  before  confined  to'  an  aquatic  mod^ 
of  life,  becomes  capable  of  living   also   upon  land,  and  a  trans- 
formation is  thus  eftected  from  the  tadpole  into  the  perfect  frog. 

During  the  same  time,  other  changes  of  an  equally  important 
character  have  taken  place  in  the  internal  organs.  The  tadpole  at 
first  breathes  by  gills;  but  these  organs  subsequently  become 
atrophied  and  disappear,  being  finally  replaced  by  well  developed 
lungs.  The  structure  of  the  mouth,  also,  of  the  integument,  and 
of  the  circulatory  system,  is  altered  to  correspond  with  the  varying 
conditions  and  wants  of  the  growing  animal ;  and  all  these  changes 
taking  place  in  part  successively  and  in  part  simultaneously, 
bring  the  animal  at  last  to  a  state  of  complete  formation. 
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The  process  of  development  may  then  be  briefly  recapitulated  as 
follows : — 

1.  The  blastodermic  membrane,  produced  by  the  segmentation 
of  the  vitellus,  consists  of  two  cellular  layers,  viz^  an  external  and 
an  internal  blastodermic  layer. 

2.  The  external  layer  of  the  blastodermic  membrane  incloses  by 
its  dorsal  plates  the  cerebro-spinal  canal,  and  by  its  abdominal 
plates  the  abdominal  or  visceral  cavity. 

3.  The  internal  layer  of  the  blastodermic  membrane  forms  the 
intestinal  canal,  which  becomes  lengthened  and  convoluted,  and 
communicates  with  the  ei^terior  by  a  mouth  and  anus  of  secondary 
formation. 

4.  Finally  the  cerebro-spinal  axis  and  its  nerves,  the  skeleton 
the  organs  of  special  sense,  the  integument,  and  the  muscles,  are 
developed  from  the  external  blastodermic  layer ;  while  the  anterior 
and  posterior  extremities  are  formed  from  the  same  layer  by  a  pro- 
cess of  sprouting,  or  continuous  growth. 
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Ik  the  frog,  ns  we  have  seen,  ihe  abdominal  plates,  closing 
together  in  front  and  underoeatli  the  body  of  llie  animal,  shut  f 
directly  the  whole  of  the  vitellua,  and  join  each  other  upon  1 
median  line,  at  the  umbilicus.  The  whole  remains  of  the  vitell  j 
are  thea  inclosed  in  the  alxlumt^n  of  the  uuiinal,  and  in  the  intestiqd 
sac  formed  by  the  internal  bhistodermic  layer. 

In  many  instances,  however,  aa,  for  example,  in  several  kinds  e 
fish,  and  in  all  the  birds  and  quadrupeds,  the  abdomiiiul  plates  do 
not   immediately  embraue   the  wlmle    of 
the    vitelline    mass,   but    tend    to    cla 
together   about  its  middle;   so   that 

vitellus   is   constricted,  in  this  way,  i 

'  ^^^^^^^^1    divided  into  two  portions:    one  internil 
tf^^KW^^H    and   one   external.    (Fig.  20^.)     As  ! 
BH^R^^^^H    process  of  development  proceeds,  the  b 
of  the  fcetua  increases  in  size,  out  of  pr 
portion  to  the  vitelline  sac,  and  the  t 
uuuui  Duibiiicai  vHiiid.  Btriction  just  mentioned   becomes  at  t 

same  time  more  strongly  marked; 
the  separation  between  the  internal  and  external  imrtions  of  t 
vitelline  sac  is  nearly  complete.  (Fig.  205.)     The  internal  layer  c 
the  blastodermic   membrane  is  by  the  same  means  divided  into 
two  portions,  one  of  which  forms  the  intestinal  canal,  while  the 
other,  remaining  outside,  forms  a  snc-like  appendage  to  the  abdo- 
men, which  is  known  by  the  name  of  the  umhilical  vesicle. 

The  umbilical  vesicle  is  accordingly  lined  by  a  portion  of  t 
internal  blastodermic  layer,  continuous  with  the  raucous  membn 
of  the  intestinal  canal ;  while  it  is  covered  on  the  outside  by  a  j: 
tioD  of  the  external  blastodermic  layer,  continuous  with  the  integ 
ment  of  the  abdomen. 
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After  tlie  young  animal   leaves  tlie  egg,  the  umbilical  vesicle 

in  some  species  becomes  withered  and  atropbieJ  by  the  aVjaorption 

,  of  its  contents;   while  in  others,  the  abJomiual  walls  gradually 

Fig.  2U5. 
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►■extend  over  it,  and  crowd  it  back  into  tlie  abdomen ;  the  nutritious 
p^matler  which  it  contained  passing  from  the  cavity  of  the  vesicle 
I'iiito  that  of  the  intestine  by  the  narrow  passage  or  canal  which 
1  remains  open  between  them. 

In  tlie  human  subject,  however,  as  well  as  in  the  quadrupeds,  the 
PUmbiilcal  vesicle  becomes  more  completely  separated  from  the  abdo- 
vnen  than  in  the  cases  just  mentioned.     There  is  at  Srst  a  wide  com- 
'tnunication  between  the  cavity  of  the  umbilical  vesicle  and  that  of 
the  intestine;  and  this  communication,  as  in  other  instances,  becomes 
gradually  narrowed  by  the  increasing  constriction  of  the  abdominal 
walls.     Here,  however,  the  constriction   proceed-s  so  far  that  the 
^'opposite  surfaces  of  the  canal  come  in  contact  with  each  other,  and 
'  adhere;  so  that  the  narrow  passage  previously 
existing,  between  the  cavity  of  the  intestine  Fig.  2ns. 

and  that  of  the  umbilical  vesicle,  i,s  obliterated, 
and-  the  vesicle  is   then   connected  with  the 
abdomen  only  by  an  imperviima  cord.     This 
*^cord   afterward  elongates,  and    becomes  con- 
verted into  a  slender,  thread-like  pedicle  (Fig. 
2015),  passing  out  from   the  abdomen  of  the 
fcetus,  and  connected  by  its  farther  extremity 
with  the  umbilical  vesicle,  which  is  filled  with 
a  transparent,  colorless  fluid.     The  umbilical     „  ",,"c^,'',^J^"^,7ihe 
vesicle  is  very  distinctly  visible  in  the  human     ariuwwii. 
ftetus  BO  late  as  the  end  of  the  third  month. 
After  that  period  it  diminishes  in  size,  and  is  gradually  lost  in  the 
advancing  development  of  the  neighboring  parts. 

In  the  formation  of  the  umbilical  vesicle,  we  have  the  first  varia- 
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tion  from  the  simple  plan  of  development  described  in  the  preceding 
chapter.  Here,  the  whole  of  the  vitellus  is  not  directly  converted 
into  the  body  of  the  embryo;  but  while  a  part  of  it  is  taken,  as 
usual,  into  the  abdominal  cavity,  and  used  immediately  for  the 
purposes  of  nutrition,  a  part  is  left  outside  the  abdomen,  in  the 
umbilical  vesicle,  a  kind  of  secondary  organ  or  appendage  of  the 
foetus.  The  contents  of  the  umbilical  vesicle,  however,  are  afler- 
ward  absorbed,  and  so  appropriated,  finally,  to  the  nourishment  of 
the  newly-formed  tiissuea. 
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CHAPTER  IX. 

AMNION    AND    ALLANTOIS.— DEV  ELOPMBNT    OP 

THE   CHICK. 

We  shall  now  proceed  to  the  descriptioQ  of  two  other  accessory 
organs,  which  are  formed,  during  the  development  of  the  fecundated 
eggy  in  all  the  higher  classes  of  animals.  These  are  the  amnion  and 
the  allantois;  two  organs  which  are  always  found  in  company  with 
each  other,  since  the  object  of  the  first  is  to  provide  for  the  forma- 
tion of  the  second.  The  amnion  is  formed  from  the  external  layer 
of  the  blastodermic  membrane,  the  allantois  from  the  internal  layer. 

In  the  frog  and  in  fish,  as  we  have  seen,  the  egg  is  abundantly 
supplied  with  moisture,  air,  and  nourishment^  by  the  water  with 
which  it  is  surrounded.  It  can  absorb  directly  all  the  gaseous  and 
liquid  substances,  which  it  requires  for  the  purposes  of  nutrition 
and  growth.  The  absorption  of  oxygen,  the  exhalation  of  carbonic 
acid,  and  the  imbibition  of  albuminous  and  other  liquids,  can  all 
take  place  without  difficulty  through  the  simple  membranes  of  the 
egg;  particularly  as  the  time  required  for  the  formation  of  the 
embryo  is  very  short,  and  as  a  great  part  of  the  process  of  develop- 
ment remains  to  be  accomplished  after  the  young  animal  leaves 
the  egg. 

But  in  birds  and  quadrupeds,  the  time  required  for  the  develop- 
ment of  the  foetus  is  longer.  The  young  animal  also  acquires  a 
much  more  perfect  organization  during  the  time  that  it  remains 
inclosed  within  the  egg ;  and  the  processes  of  absorption  and  exha- 
lation necessary  for  its  growth,  being  increased  in  activity  to  a 
corresponding  degree,  require  a  special  organ  for  their  accomplish- 
ment. This  special  organ,  destined  to  bring  the  blood  of  the  foetus 
into  relation  with  the  atmosphere  and  external  sources  of  nutrition, 
is  the  allantois. 

In  the  frog  and  the  fish,  the  internal  blastodermic  layer,  forming 
the  intestinal  mucous  membrane,  is  inclosed  everywhere,  as  above 
described,  by  the  external  layer,  forming  the  integument;  and 
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coDsequeDtly  it  can  nowhere  come  in  contact  with  the  investing 
membrane  of  the  ^g.  But  in  the  higher  animals,  the  interDa) 
blastodermic  layer,  which  is  the  seat  of  the  greatest  vascularity, 
and  which  is  destined  to  produce  the  allantoia.  is  made  to  come  in 
contact  with  the  external  membrane  of  the  egg  for  purposes  of 
exhalation  and  absorptioD ;  and  this  can  only  be  accomplished  by 
opening  a  passage  for  it  through  the  external  germinative  layer. 
This  is  done  in  the  following  manner,  by  the  formation  of  the 
amnion. 

Soon  after  the  body  of  the  fcatua  has  begun  to  be  formed  by  the 
thickening  of  the  external  layer  of  the  blastodermic  membrane^ 
a  double  fold  of  this  external  layer  rises  up  on  all  sides  about 
the  edges  of  the  newly -formed  embryo;  so  that  the  body  of  the 
foetus  appears  as  if  sunk  in  a  kind  of  depression,  and  surrounded 
with  a  membranous  ridge  or  embankment,  as  in 
Fig.  207.  The  embryo  (c)  is  here  seen  in  profile^ 
with  the  double  membranous  folds,  above  men- 
tioned, rising  up  just  in  advance  of  the  bead, 
and  behind  the  posterior  extremity.  It  must  be 
understood,  of  course,  that  the  same  thing  takes 
place  on  the  two  sides  of  the  fcetus,  by  the  forma- 
tion of  lateral  folds  simultaneously  with  the 
appearance  of  those  in  front  and  behind.  As  it 
"  viiiiini  6  EitflrnKi  is  these  folds  which  are  destined  to  form  the 
n*"brtBB.'''r'H«d'].'°^  amnion,  they  are  called  the  "amniotic  folds." 
»iiiiir/t>.  <t,d.  AmaiiMt  The  amutotic  folds  continue  to  grow,  and  ex- 
inat. ""  "  "°"  tend  themselves,  forward,  backward,  and  laterally, 
until  they  approach  each  other  at  a  point  over 
the  back  of  the  fostus  (Fig.  208),  which  is  termed  the  "  amniotic 
umbilicus,"  Their  opposite  edges  afterward  actually  come  in  con- 
tact with  each  other  at  this  point,  and  adhere  together,  so  as  to 
shut  in  a  space  or  cavity  (Fig.  208,  b)  between  their  inner  surface 
and  the  body  of  the  fcetus.  This  space,  which  is  filled  with  a  clear 
fluid,  is  called  the  amniotic  cavity.  At  the  same  time,  the  intestinal 
canal  has  begun  to  be  formed,  and  the  umbilical  vesicle  has  been 
partially  separated  from  it,  by  the  constriction  of  the  abdominal 
walls  on  the  under  surface  of  the  body. 

There  now  appears  a  prolongation  or  diverticulum  (Fig.  208,  c) 
growing  out  from  the  posterior  portion  of  the  intestinal  canal,  and 
following  the  course  of  the  amniotic  fold  which  has  preceded  it; 
occupying,  as  it  gradually  enlarges  and  protrudes,  the  space  lefl 
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Tacant  by  the  rising  up  of  the  amniotic  fold.    This  dirertioulum 

is  the  commenceDieDt  of  the  allantois.    It  is  an  elongated  uiem- 

brauous  sac,  conttnaons  with  the  posterior  portion  of  the  inteatioe. 

and  containing  bloodvessels  derived  from  those 

of  the  intestinal  circulation.     The  cavity  of  the  "■■  808. 

alkntois  is  also  coDtinnoos  with  the  oavity  of 

the  intestine. 

Ader  the  amniotic  folds  have  approached  and 
touched  each  other,  as  already  described,  over 
the  back  of  the  foetus,  at  the  amniotic  ambtlicus, 
the  adjacent  surfaces,  thus  brought  in  contact, 
fuse  together,  so  that  the  cavities  of  the  two 
folds,  coming  respectively  from  front  and  rear,  untn'iiinl^.^ 
are  separated  only  by  a  single  membranous  par-  cnwiimi  H>iai>.  b. 
tition  (Pig.  209,  e)  running  from  the  inner  to  the  i,aioi.. 
outer  lamina  of  the  amniotic  folds.  This  parti- 
tion itself  soon  after  atrophies  and  disappears ;  and  the  inner  and 
outer  laminie  become  consequently  separated  from  each  other.  The 
inner  lamina  (Fig.  209,  a)  which  remains  con- 
tinuous with  the  integument  of  the  fcelus,  in- 
closing the  body  of  the  embryo  in  a  distinct 
cavity,  is  called  the  amnion  (Fig.  210,  h),  and 
its  cavity  is  known  as  the  amniotic  cavity. 
The  outer  lamina  of  the  amniotic  fold,  on  the 
other  hand  (Fig.  209,  b\  recedes  farther  and 
farther  from  the  inner,  until  it  comes  in  con- 
tact with  the  original  vitelline  membrane,  still 
covering  the  exterior  of  the  egg;  and  by  con- 
tinued growth  and  expansion  it  at  last  fuses 
with  the  vitelline  membrane  and  unites  with 
its  substance,  bo  that  the  two  membranes  form 
but  one.  This  membrane,  formed  by  the  fusion 
and  consolidation  of  twootbers,  constitutes  then  Iwwb  i^"iBHr»BToiiii^ 
the  external  investing  membrane  of  the  egg.      i»>ni»"  ot  nn  4iBnii>ua 

The  allantois,  during  all  this  time,  is  increas- 
ing in  size  and  vascularity.  Following  the  course  of  the  amniotic 
folds  as  before,  it  insinuates  itself  between  them,  and  of  course  socm 
comes  in  contact  with  the  external  investing  membrane  just  de- 
scribed. It  then  begins  to  expand  laterally  in  every  direction, 
enveloping  more  and  more  the  body  of  the  foetus,  and  bringing  its 
veescl.1  into  contact  with  the  external  membrane  of  the  egg. 
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consequently  it  caa  nowhere  come  in  contact  with  the  investing 
membrane  of  the  egg.  But  is  the  higher  animals,  the  internal 
blastodermic  lajer,  whiuh  is  the  seat  of  the  greatest  vascularitj, 
and  which  is  destined  to  produce  the  allantois,  is  made  to  come  in 
contact  with  the  external  membrane  of  the  egg  for  purposes  of 
exhalation  and  absorption ;  and  this  can  only  be  accomplished  by 
opening  a  passage  for  it  through  the  external  germinative  layer. 
This  is  done  in  the  following  manner,  by  the  formatioD  of  the 
amnion. 

Soon  after  the  body  of  the  foetus  has  begun  to  be  formed  by  the 
thickening  of  the  external  layer  of  the  blastodermic  membrane^ 
a  double  fold  of  this  external  layer  rises  up  on  all  sides  about 
the  edges  of  the  newly-formed  embryo ;  so  that  the  body  of  the 
foetus  appears  as  if  sunk  in  a  kind  of  depression,  and  surrounded 
with  a  membranous  ridge  or  embankment,  as  in 
Fig.  207.  The  embryo  (c)  is  here  seen  in  profile^ 
with  the  double  membranous  folds,  above  men- 
tioned,  rising  up  just  in  advance  of  the  head, 
and  behind  the  posterior  extremity.  It  must  be 
understood,  of  course,  that  the  same  thing  takes 
place  on  the  two  sides  of  the  fcetus,  by  the  forma- 
tion of  lateral  folds  simultaneously  with  the 
■  'jtiluio'of  ImoLoD—  appearance  of  those  in  front  and  behind.  As  it 
"  vitoiim  s  EiurDRi  ja  these  folds  which  are  destined  to  form  the 
msmbiMB.  " hoiTot  amnion,  they  are  called  the  "amniotic  folds." 
•mbiyo,  d,rf.  Ainniaue  fhe  amniotlc  folds  continue  to  grow,  and  ex- 
t,„„.  tend  themselves,  forward,  backward,  and  laterally, 

until  they  approach  each  other  at  a  point  over 
the  back  of  the  foetus  (Fig. 208),  which  is  termed  the  "amniotic 
umbilicus."  Their  opposite  edges  afterward  actually  come  in  con- 
tact with  each  other  at  this  point,  and  adhere  together,  so  as  to 
shut  in  a  space  or  cavity  (Fig.  208,  V)  between  their  inner  surface 
and  the  body  of  the  foetus.  This  space,  which  is  filled  with  a  clear 
fluid,  is  called  the  amniotic  cavity.  At  the  same  time,  the  intestinal 
canal  has  begun  to  be  formed,  and  the  umbilical  vesicle  has  been 
partially  separated  from  it,  by  the  constriction  of  the  abdominal 
walls  on  the  under  surface  of  the  body. 

There  now  appears  a  prolongation  or  diverticulum  (Fig.  208,  c) 
growing  out  from  the  posterior  portion  of  the  intcitinal  canal,  and 
following  the  course  of  the  amniotic  fold  which  has  preceded  it ; 
occupying,  as  it  gradually  enlarges  and  protrudes,  the  space  left 
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Fig.  ao9. 


vacant  by  the  rising  op  of  tbe  amniotio  fold.  This  divertioalam 
is  tbe  oommeocement  of  the  allantois.  It  is  an  elongated  mem- 
branous sac,  continnona  wltb  the  posterior  portion  of  the  intestiiie, 
and  containing  bloodvessels  derived  from  those 
of  the  intestinal  circulation.  Tbe  cavity  of  the 
allantois  is  also  continuons  with  the  cavity  of 
the  intestine. 

After  the  amniotic  folds  have  approached  and 
touched  each  other,  as  already  described,  over 
tbe  back  of  the  fcetus,  at  the  amniotio  umbilicus, 
the  adjacent  surfaces,  thus  brought  in  contact, 
fuse  together,  so  that  tbe  cavities  of  the  two 
folds,  coming  respectively  from  front  and  rear,  unhtT'^nl^.^ 
are  separated  only  by  a  single  membranous  par-  Dmbiiiwi  TMiai*.  t. 
titioR  (Pig.  209,  c)  ranning  from  the  inner  to  the  uumi.  "' '' 
outer  lamina  of  tbe  amniotic  folds.  This  parti- 
tion itself  soon  after  atrophies  and  disappears ;  and  the  inner  and 
outer  laminae  become  consequently  separated  from  each  other.  Tbe 
inner  lamina  (Fig.  209,  a)  which  remains  con- 
tinuous with  the  integument  of  the  foetus,  in- 
closing the  body  of  the  embryo  in  a  distinct 
cavity,  is  called  the  amnion  (Fig.  210,  b),  and 
its  cavity  is  known  as  the  amniotio  cavity. 
The  outer  lamina  of  the  amniotic  fold,  on  the 
other  hand  (Fig.  209,  b),  recedes  farther  and 
farther  from  the  inner,  until  it  comes  in  con- 
tact with  the  original  vitelline  membrane,  still 
covering  the  exterior  of  the  egg ;  and  by  con- 
tinued growth  and  expansion  it  at  last  fuses 
with  the  vitelline  membrane  and  unites  with 
iu  substance,  so  that  the  two  membranes  form 
but  one.  This  membrane,  formed  by  the  fusion 
and  consolidation  of  two  others,  constitutes  then 
tbe  external  investing  membrane  of  the  e^. 

The  allantois,  during  all  this  time,  is  increas- 
ing in  size  and  vascularity.  Following  the  course  of  tbe  amniotio 
folds  as  before,  it  insinuates  itself  between  them,  and  of  course  soon 
comes  in  contact  with  the  external  investing  membrane  just  de- 
scribed. It  then  begins  to  expand  laterally  in  every  direction, 
enveloping  more  and  more  the  body  of  the  foetus,  and  bringing  its 
vessels  into  contact  with  the  external  membrane  of  the  egg. 


■  of    ditto,     e.    Pule 


I    of    (b«    unnloll 


602  AHKION   ANU   ALLAKTOIS. 

By  a  eoDtJnDstioQ  of  the  above  proceas,  the  alhiotois  at  last 
grows  to  such  an  exteat  as  to  envelope  completely  the  bodj  of  the 
embrjo,  together  with  the  amDion ;  its  two 
Pig.  210.  extremities  comiDg  in  contact  with  each 

other  and  fusing  together  over  the  bock  of 
the  fcetus,  just  as  the  amniotio  folds  bad 
previously  done.  (Fig.  210.)  It  lines,  there- 
fore, the  whole  internal  surface  of  the  in- 
vesting membrane  with  a  flattened,  vascu- 
lar sac,  the  vessels  of  which  come  from  the 
interior  of  the  body  of  the  fcetus,  and  which 
still  coromuRicates  with  the  cavity  of  the 
»riwnoi.  fai'jfn™-^ -n.  ub.    intestinal  caual. 

Aitmnuii*.  It  18  evident,  from  the  above  description, 

that  there  is  a  close  connection  between  the 
formation  of  the  amnion  and  that  of  the  allantois.  For  it  is  only 
in  this  manner  that  the  allantois,  which  is  an  extension  of  the  in- 
ternal layer  of  the  blastodermic  membrane,  can  come  to  be  situated 
outside  the  foetas  and  the  anmion,  and  be  brought  into  relation 
with  external  sarrounding  media.  The  two  laminse  of  the  amni- 
otic folds,  in  fact,  by  separating  from  each  other  as  above  described, 
open  a  passage  for  the  allantois,  and  allow  it  to  come  in  contact 
with  the  external  membrane  of  the  egg. 

In  order  to  explain  more  fully  the  physiological  action  of  the 
allantois,  we  shall  now  proceed  to  describe  the  process  of  develop- 
ment, as  it  takes  place  in  the  egg  of  the  fowl 

In  order  that  the  embryo  may  be  properly  developed  in  any 
cas^  it  is  essential  that  it  be  freely  supplied  with  air,  warmth, 
moisture,  and  nourishment.  The  egg  of  the  fowl  contains  already, 
when  discharged  frum  the  generative  passages,  a  sufficient  quantity 
of  moisture  and  albuminous  material.  The  necessary  warmth  ia 
supplied  by  tlie  body  of  the  parent  during  incubaticm ;  while  the 
atmospheric  gases  can  poso  and  repass  through  the  porous  egg- 
shell, and  by  endosmosis  through  the  fibrous  membranes  which 
line  its  cavity. 

When  the  egg  is  first  laid,  the  vilellus,  or  yolk,  is  enveloped  in 
a  thick  layer  of  semi-solid  albumen.  On  the  commencement  of 
incubation,  a  liquefaction  takes  place' in  the  albumen  immediately 
above  that  part  of  the  vitellus  which  is  occupied  by  the  cicatri- 
cula;  so  that  the  vitellus  rises  or  Scats  upward  toward  the  surface, 
by  virtue  of  its  speoidc  gravity,  and  the  oicatricula  comes  to  be 
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placed  almost  immediately  uuilorimath  tlie  lining  membrane  of  the 
egg-tihell.  As  the  cicatriuula  is  the  spot  Iroin  wliii:h  the  process  of 
embryonic  developmtint  commences,  the  body  uf  thu  young  fcetua 
is  by  tliis  arraogemunt  placed  in  the  most  favorable  position  for 
the  reception  of  warmth  and  other  necessary  extcrual  influeneta 
through  the  egg-shell.  The  liquefied  albumen  is  also  absorbed  by 
the  vittfjliue  monibrane,  and  the  vitellua  thus  liecomes  larger,  softer, 
and  more  diffluent  than  before  the  commencement  of  incubation. 

Aa  soon  as  the  circulatjirv  apparatus  of  the  embryo  has  been 
fairly  formed,  two  minute  arteries  are  seen  to  run  out  from  its 
lateral  edges  and  spread  into  the  neighboring  parts  of  tlie  blasio- 
dermic  membrane,  breaking  up  into  inosculating  branches,  and 
covering  the  ai]j:icent  portions  of  the  vitellus  with  a  plexus  of 
capillary  bloodvessels.  The  space  occupied  in  the  blastodermic 
membrane,  on  the  surface  of  the  vitelliis,  by  these  vessela,  is  called 
the  area  vasculosa.    (Fig.  211.)     It  is  of  a  nearly  circular  shape, 


Fig.  211. 


and  is  limited,  on  its  outer  edge,  by  a  terminal  vein  or  Binua,  called 
the  "  sinus  terminalia,"  Tbe  blood  is  returned  to  the  bo<iy  of  the 
fcetua  by  two  veins  which  penetrate  beneath  its  edges,  one  near  the 
head  and  one  near  the  tail. 

The  area  vasculosa  tends  to  increase  in  extent,  as  the  develop- 
ment of  the  ftetus  proceeds  and  its  circulation  becomes  more  active. 
It  soon  covers  the  upper  half,  or  hemisphere,  of  the  vitellus,  and 
the  terminal  sinus  then  runs  like  an  equator  round  the  middle  of 
the  vitelline  sphere.     As  the  growth  of  the  vascular  ple.tus  con- 
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tinues,  it  passes  this  point,  and  embraces  more  and  more 
forior,  as  well  as  of  tlie  superior  hemisphere,  the  vessels  cnnvei^ng 
toward  its  under  surface,  until  at  laat  nearly  the  -whole  of  tiie 
vitellus  is  covered  with  a  network  of  inoaculatiug  capillaries. 

The  function  of  the  vessels  of  the  area  vasculosa  is  to  absorb 
nourishment  from  the  cavity  of  the  vitelline  sac.  As  the  albumen 
liquefies  during  the  process  of  incubation,  it  passes  by  endosmoais^ 
more  and  mure  abundantly,  into  the  vitelline  cavity;  the  whole 
vitellus  growing  constantly  larger  and  more  fluid  in  consistency. 
The  blood  of  the  fcetus,  then  circulating  in  the  vessels  or  the  area 
vasculosa.  absiirbs  freely  the  oteagi no-albuminous  matters  of  the 
vitellus,  and,  carrying  them  back  to  the  fcetus  by  the  returning 
veins,  supplies  the  newly-formed  tissues  and  organs  with  a1 
dance  of  appropriate  nourishment. 

During  this  period  the  amnion  and  the  allantois  have  been 
n  process  of  formation.  At  first  the  botly  of  the  fuetus  lies  upon 
Is  abdomen,  as  in  the  cases  previously  described ;  but,  as  it  increases 
n  size,  it  alters  its  position  so  as  to  lie  more  upon  its  side.  The 
allantois  then,  emerging  from  the  posterior  portion  of  the  abdominal 
cavity,  turns  directly  upward  over  the  body  of  the  fwtus,  and  comes 
immediately  in  contact  with  the  shell  membrane.   (Fig.  212.) 

Fig.  212. 


then  spreads  out   rapidly,  extending  toward  the  extremities  and 
down  the  sides  of  the  egg,  enveloping  more  and  more  completely 
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the  fcetQs  and  the  vitelliDe  sac,  and  taking  thQ  place  of  the  albumen 
which  has  been  liquefied  and  absorbed. 

It  will  also  be  seen,  by  reference  to  the  figure,  that  the  umbilical 
vesicle  is  at  the  same  time  formed  bj  the  separation  of  part  of  the 
vitellus  from  the  abdomen  of  the  chick ;  and  the  vessels  of  the  area 
vasculosa,  which  were  at  first  distributed  over  the  vitellus,  now 
ramify,  of  course,  upon  the  surface  of  the  umbilical  vesicle. 

At  last  the  allantois,  bj  its  continued  growth,  envelopes  nearly 
the  whole  of  the  remaining  contents  of  the  egg;  so  that  toward  the 
later  periods  of  incubation,  at  whatever  point  we  break  open  the 
^g&  we  find  the  internal  surface  of  the  shell-membrane  lined  with 
a  vascular  membranous  expansion,  supplied  by  arteries  which 
emerge  from  the  abdomen  of  the  foetus. 

It  is  easy  to  see,  accordingly,  with  what  readiness  the  absorption 
and  exhalation  of  gases  may  take  place  by  means  of  the  allantois. 
The  air  penetrates  from  the  exterior  through  the  minute  pores  of 
the  calcareous  shell,  and  then  acts  upon  the  blood  in  the  vessels  of 
the  allantois  very  much  in  the  same  manner  that  the  air  in  the  minute 
bronchial  tubes  and  air- vesicles  of  the  lungs  acts  upon  the  blood  in 
the  pulmonary  capillaries.  Examination  of  the  egg,  furthermore, 
at  various  periods  of  incubation,  shows  that  changes  take  place  in 
it  which  are  entirely  analogous  to  those  of  respiration. 

The  egg,  in  the  first  place,  during  its  development,  loses  water  by 
exhalation.  This  exhalation  is  not  a  simple  effect  of  evaporation, 
but  is  the  result  of  the  nutritive  changes  going  on  in  the  interior 
of  the  egg ;  since  it  does  not  take  place,  except  in  a  comparatively 
slight  degree,  in  unimpregnated  eggs,  or  in  those  which  are  not 
incubated,  though  they  may  be  freely  exposed  to  the  air.  The 
exhalation  of  fluid  is  also  essential  to  the  processes  of  development, 
for  it  has  often  been  found,  in  hatching  eggs  by  artificial  warmth, 
that  if  the  air  of  the  chamber  in  which  they  are  inclosed  become 
unduly  charged  with  moisture,  so  as  to  retard  or  prevent  further 
exhalation,  the  eggs  readily  become  spoiled,  and  the  development 
of  the  embryo  is  arrested.  The  loss  of  weight  during  natural  incu- 
bation, principally  due  to  the  exhalation  of  water,  has  been  found 
by  Baudrimont  and  St.  Ange*  to  be  over  15  per  cent,  of  the  entire 
weight  of  the  egg. 

Secondly,  the  egg  absorbs  oxygen  and  exhales  carbonic  acid. 
The  two  observers  mentioned  above,  ascertained  that  during  eigh- 

>  Da  D^veloppeiuent  do  Foetus.     Paris,  1850,  p.  143. 
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teen  days'  incubation,  the  egg  absorbs  nearly  2  per  cent  of  its 
weight  of  oxygen,  while  the  quantity  of  carbonic  acid  exhaled  from 
the  sixteenth  to  the  nineteenth  day  of  incubation  amounts  to  no  less 
than  8  grains  in  the  twenty -four  hours.^  It  is  curious  to  observe, 
also,  that  in  the  egg  during  incubation,  as  well  as  in  the  adult  . 
animal,  more  oxygen  is  absorbed  than  is  returned  by  exhalation 
under  the  form  of  carbonic  acid. 

It  is  evident,  therefore,  that  a  true  respiration  takes  place,  by 
means  of  the  allantois,  through  the  membranes  of  the  shell. 

The  allantois,  however,  is  not  simply  an  organ  of  respiration ;  it 
takes  part  also  in  the  absorption  of  nutritious  matter.  As  the  pro- 
cess of  development  advances,  the  skeleton  of  the  young  chick,  at 
first  entirely  cartilaginous,  begins  to  ossify.  The  calcareous  mat- 
ter, necessary  for  this  ossification,  is,  in  all  probability,  derived  from 
the  shell.  The  shell  is  certainly  lighter  and  more  fragile  toward 
the  end  of  incubation  than  at  first ;  and,  at  the  same  time,  the  cal- 
careous ingredients  of  the  bones  increase  in  quantity.  The  lime- 
salts,  requisite  for  the  process  of  ossification,  are  apparently  ab- 
sorbed from  the  shell  by  the  vessels  of  the  allantois,  and  by  them 
transferred  to  the  skeleton  of  the  growing  chick ;  so  that,  in  the 
same  proportion  that  the  former  becomes  weaker,  the  latter  grows 
stronger.  This  diminution  in  density  of  the  shell  is  connected  not 
only  with  the  development  of  the  skeleton,  but  also  with  the  final 
escape  of  the  chick  from  the  egg.  This  deliverance  is  accomplished 
mostly  by  the  movements  of  the  chick  itself,  which  become,  at  a 
certain  period,  sufliciently  vigorous  to  break  out  an  opening  in  the 
attenuated  and  weakened  egg-shell.  The  first  fracture  is  generally 
accomplished  by  a  stroke  from  the  end  of  the  bill ;  and  it  is  pre- 
cisely at  this  point  that  the  solidification  of  the  skeleton  is  most 
advanced.  The  egg-shell  itself,  therefore,  which  at  first  only  serves 
for  the  protection  of  the  imperfectly-formed  embryo,  afterward 
furnishes  the  materials  which  are  used  to  accomplish  its  own  demo- 
lition, and  at  the  same  time  to  eSect  the  escape  of  the  fully  deve- 
loped foetus. 

Toward  the  latter  periods  of  incubation,  the  allantois  becomes 
more  and  more  adherent  to  the  internal  surface  of  the  shell-mem- 
brane. At  last,  when  the  chick,  arrived  at  the  full  period  of  de- 
velopment, escapes  from  its  confinement,  the  allantoic  vessels  are 
torn  off  at  the  umbilicus ;  and  the  allantois  itself,  cast  off  as  a  use- 

>  Op.  oil.,  pp.  138  and  149. 
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less  and  effete  organ,  is  left  behind  in  the  cavity  of  the  abandoned 
egg-shell.  The  allantois  is,  therefore,  strictly  speaking,  a  foetal 
organ.  Developed  as  an  accessory  structure  from  a  portion  of  the 
intestinal  canal,  it  is  exceedingly  active  and  im{>ortant  during  the 
middle  and  latter  periods  of  incubation;  but  when  the  chick  is 
completely  formed,  and  has  bcicome  capable  of  carrying  on  an  in- 
dependent existence,  both  the  amnion  and  the  allantois  are  detached 
and  thrown  off  as  obsolete  structures,  their  place  being  afterward 
supplied  by  other  Organs  belonging  to  the  adult  condition. 
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CHAPTER   X. 


DEVELOPMENT    OF    THE    EGO    IN    THE    nUMAN 
SPECIES.— FOKMATIOX   OF  THE  CHOUION. 


We  have  already  duscribed,  in  a  preceding  chapter,  the  manner 
in  which  the  outer  lamina  of  the  amniotic  fold  becomes  adherent 

to  the  adjacent  surface  of  the  vitelline  membrane,  so  as  to  form 
with  it  hut  a  single  layer ;  and  in  which  these  two  membranes,  thua 
fused  and  united  with  each  other,  form  at  that  time  the  single  ex- 
ternal investing  membrane  of  the  egg.  The  allantois,  in  its  turn, 
afterward  cornea  in  contact  with  the  investing  membrane,  and  lies 
immediately  beneath  it,  as  a  double  vascular  membranoua  sac.  la 
the  egg  of  the  human  subjeet  the  development  of  the  menibranefl, 
though  carried  on  essentially  upon  the  same  plan  with  that  which 
we  have  already  described,  undergoes,  in  addition,  some  funher 
modifications,  which  we  shall  now  proceed  to  explain. 

The  first  of  these  peculiarities  ia  that  the  allantois,  after  spread- 
ing out  upon  the  inner  surface  of 
the  external  investing  membrane, 
adheres  to,  and  fuses  with  it,  just 
as  the  outer  lamina  of  the  amni- 
otic fold  Laa  previously  fused 
with  the  vitelline  menibnuie.  At 
the  same  lime,  the  two  layers  be- 
longing to  the  allantois  itself  also 
come  in  contact  and  fuse  toge- 
ther; BO  that  the  cavity  of  the 
allantoia  ia  obliterated,  and  instead 
of  forming  a  membranoua  sac  con- 
taining fluid,  this  organ  is  convert- 
cmb'iiiMi t^i°,  'aTmni'an'''  3^' cuoti^'*  *'^  "^^  " "'"'^^  voscular  meii'brane, 
(Fig.  213.)  This  membrane, 
moreover,  being,  after  a  time,  thoroughly  fnaed  and  united  with  the 
two  which  have  preceded  it,  Uikea  the  place  which  was  previoualy 
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occupied  by  them.  It  is  then  termed  the  chorion,  and  thus  becomes 
the  sole  external  investing  membrane  of  the  egg. 

We  find,  therefore,  that  the  chorion,  that  is,  the  external  coat  or 
investment  of  the  egg,  is  formed  successively  hy  three  distinct 
membranes,  as  follows:  first,  the  original  vitelline  membrane; 
secondly,  the  outer  lamina  of  the  amniotic  fold ;  and,  thirdly,  the 
allantois ;  the  last  predominating  over  the  two  former  by  the  rapidity 
of  its  growth,  and  absorbing  them  into  its  substance,  so  that  they 
become  finally  completely  incorporated  with  its  texture. 

It  is  easy  to  see,  also,  how,  in  consequence  of  the  above  process, 
the  body  of  the  foetus,  in  the  human  egg,  becomes  inclosed  in  two 
distinct  membranes,  viz.,  the  amnion,  which  is  internal  and  conti- 
nuous with  the  foetal  integument,  and  the  chorion,  which  is  external 
and  supplied  with  vessels  from  the  cavity  of  the  abdomen.  The 
umbilical  vesicle  is,  of  course,  situated  between  the  two ;  and  the 
rest  of  the  space  between  the  chorion  and  the  amnion  is  occupied 
by  a  semi-fiuid  gelatinous  material,  somewhat  similar  in  appearance 
to  that  of  the  vitreous  body  of  the  eye. 

The  obliteration  of  the  cavity  of  the  allantois  takes  place  very 
early  in  the  human  subject,  and,  in  fact,  keeps  pace  almost  entirely 
with  the  progress  of  its  growth  ;  so  that  this  organ  never  presents, 
in  the  human  egg,  the  appearance  of  a  hollow  sac,  filled  with 
fluid,  but  rather  that  of  a  flattened  vascular  membrane,  enveloping 
the  body  of  the  foetus,  and  forming  the  external  membrane  of  the 
egg.  Notwithstanding  this  diflFerence,  however,  the  chorion  of  the 
human  subject,  in  respect  to  its  mode  of  formation,  is  the  same 
thing  with  the  allantois  of  the  lower  animals ;  its  chief  peculiarity 
consisting  in  the  fact  that  its  opposite  surfSsM^es  are  adherent  to  each 
other,  instead  of  remaining  separate  and  inclosing  a  cavity  filled 
with  fluid. 

The  next  peculiarity  of  the  human  chorion  is,  that  it  becomes 
shaggy.  Even  while  the  egg  is  still  very  small,  and  has  but  recently 
found  its  way  into  the  uterine  cavity,  its  exterior  is  already  seen 
to  be  covered  with  little  transparent  prominences,  like  so  many 
villi  (Fig.  213),  which  increase  the  extent  of  its  sur&ce,  and  assist 
in  the  absorption  of  fluids  from  without.  The  villi  are  at  this  time 
quite  simple  in  form,  and  altogether  homogeneous  in  structure. 

As  the  egg  increases  in  size,  the  villi  rapidly  elongate,  and  be- 
come divided  and  ramified  by  the  repeated  budding  and  sprouting 
of  lateral  offshoots  from  every  part.  After  this  process  of  growth 
89 


Pig.  214. 


610      DETELOPHENT   OF   THE   BGQ   Jtf   HFMjiN   BPBCIB8. 

has  gone  on  for  some  time,  the  external  surface  of  the  chorion  pi 
aenta  a  uniformly  velvety  or  shaggy  appearance,  owing  to  its  being 
covered  everywhere  with  these  tufted  and  compound  villosities. 

The  villosities  themselves,  when  examined  by  the  microscope, 
have  an  exceedingly  well-marked  and  characteristic  appearance. 
(Fig.  214.)  They  originate  from  the  surface  of  the  chorion  by  a 
somewhat  narrow  stem,  and  divide 
into  a  multitude  of  secondary  and 
tertiary  branches,  of  varying 
and  figure ;  some  of  them  slent 
and  filamentous,  others  club-sha] 
many  of  them  irregularly  swollen 
various  points.  All  of  them  ten 
nate  by  rounded  extremities,  giving 
to  the  whole  tuft  a  certain  rescm- 
lilance  to  some  varieties  of  sea- weed. 
The  larger  trunks  and  branches  of 
the  villosity  are  seen  to  contain  nu- 
merous minute  nuclei,  imbedded  in 
a  nearly  homogeneous,  or  finely  gra- 
nular substratum.  The  smaller  ones 
appear,  under  a  low  magnifying 
c.<m)i.'D>id  .iii.iftiT  or  Hr>i>>  cno-  power,  simpIy  granular  in  texture. 
■lo.  mmiflfd  """"">'!'  ''""'  """■«  These  villi  are  altosether  peculiar 
in  appearance,  and  quite  unlike  any 
other  structure  which  may  he  met  with  in  the  body.  Whenever  we 
find,  in  the  uterus,  any  portion  of  a  membrane  h-tving  villocdtiea 
like  these,  we  may  be  sure  that  pregnancy  has  existed ;  for  such 
villosities  can  only  belong  to  the  chorion,  and  the  chorion  itself  is 
a  part  of  the  fcetus.  It  is  developed,  as  we  have  seen,  as  an  out- 
growth ft'om  the  intestinal  canal,  and  can  only  exist,  accordingly, 
as  a  portion  of  the  fecundated  egg.  The  presence  of  portions  of  a 
shaggy  chorion  is  therefore  as  satisfactory  proof  of  the  existence 
of  pregnancy,  as  if  he  had  found  the  body  of  the  fujtus  itself. 

While  the  villosities  which  we  have  just  described  ore  in  pro- 
cess of  formation,  the  allantois  itself  baa  completed  its  growth,  and 
has  become  converted  into  a  permanent  chorion.  The  bloodvessels 
coming  from  the  allantoic  arteries  accordingly  ramify  over  the 
chorion,  and  supply  it  with  a  tolerably  abundant  vascular  network. 
The  growth  of  the  fcetus,  moreover,  at  this  time,  has  reached  such 
a  state  of  activity,  that  it  requires  to  be  supplied  with  nourishment 
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hj  vascular  absorptioa  instead  of  the  slo^  process  of  imbibition, 
which  has  heretofore  taken  place  through  the  comparatively  incom- 
plete and  structureless  villi  of  the  cho- 
rion.   The  capillary  vessels,  accordingly,  Wg«  216. 
with  which  the  chorion  is  supplied,  begin 
to  penetrate  into  the  substance  of  its  vil- 
losities.    They  enter  the  base  or  stem  of 
each  villosity,  and,  following  every  divi- 
sion of  its  compound  ramifications,  finally 
reach  its  rounded  extremities.     Here  they 
turn  upon  themselves  in  loops  (Fig.  215), 
like  the  vessels  in  the  papillae  of  the  skin, 
and  retrace  their  course,  to  unite  finally 
with  the  venous  trunks  of  the  chorion. 

The  villi  of  the  chorion  are,  therefore,      ^,„^,,^  ,^  t,llo.,tt  or 
very  analogous  in  structure  to  those  of    cwobio».  mora  bigwy  mafr"- 
the  mtestme ;  and  their  power  of  absorp-    bloodv6•^«u  in  lu  int«rior. 
tion,  as  in  other  similar  instances,  corre- 
sponds with  the  abundance  of  their  ramifications,  and  the  extent 
of  their  vascularity. 

It  must  be  remembered,  also,  that  these  vessels  all  come  from  the 
abdomen  of  the  fcetus ;  and  that  whatever  substances  are  taken  up 
by  them  are  transported  directly  to  the  interior  of  the  embryo,  and 
used  for  the  nourishment  of  its  tissues.  The  chorion,  therefore,  as 
soon  as  its  villi  and  bloodvessels  are  completely  developed,  becomes 
an  exceedingly  active  organ  in  the  nutrition  of  the  foetus;  and  con- 
stitutes, in  fact,  the  only  means  by  which  new  material  can  be  in- 
troduced from  without. 

The  existence  of  this  general  vascularity  of  the  chorion  affords 
also,  as  Coste  was  the  first  to  point  out,  a  striking  indication  that 
this  membrane  is  in  reality  identical  with  the  allantois  of  the 
lower  animals.  If  the  reader  will  turn  back  to  the  illustrations  of 
the  formation  of  the  amnion  and  allantois  (Chap.  IX.),  he  will  see 
that  the  first  chorion  or  investing  membrane  is  formed  exclusively 
by  the  vitelline  mAibrane,  which  is  never  vascular  and  cannot  be- 
come so  by  itself,  since  it  has  no  direct  connection  with  the  fcetus. 
Tho^second  chorion  is  formed  by  the  union  of  the  vitelline  mem- 
brane with  the  outer  lamina  of  the  amniotic  fold.  Both  laminie 
of  the  amniotic  fold  are  at  first  vascular,  since  they  are  portions  of 
the  external  blastodermic  layer,  and  derive  their  vessels  from  the 
integument  of  the  foetus.    But  after  the  outer  lamina  has  become 
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completely  separated  from  the  inner,  by  the  disappearance  of  tlie 
partition  which  for  a  time  counecleJ  the  two  with  each  other  (Fig. 
209,  c),  this  source  of  vascular  supply  ia  cut  off;  and  the  eeconj 
chorion  cannot,  therefore,  remain  vascular  after  that  period.  But 
the  third  or  permanent  chorion,  that  is,  the  allantoia,  derives  its  ves- 
sels directly  irom  those  of  the  fcetus,  aud  retains  its  coDnection  with 
them  during  the  whole  period  of  gestation.  A  chorion,  therefore, 
which  is  universally  and  permanently  vascular,  can  be  no  other 
than  the  allantoia,  converted  into  an  external  investing  membraiie 
of  the  egg. 

Thirdly,  the  chorion,  which  ia  at  one  time,  as  we  have  seen,  every- 
where villous  and  shaggy,  becomes  a/lenuard  partially  ball.  This 
change  begins  to  take  place  about  the  end  of  the  second  month. 
It  comraeucea  at  a  point  opposite  the  situation  of  the  fcetus  and  the 
insertion  of  the  fcetal  vessels.  The  villosities  of  this  region  cease 
growing;  and  as  the  entire  egg  continues  to  enlarge,  the  villosities 
at  the  point  indicated  fail  to  keep  pace  with  its  growth,  and  with 
the  progressive  expansion  of  the  chorion.  Tliey  accordingly  he- 
come  at  this  part  thinner  and  more  scattered,  leaving  the  surface 
;  of  the  chorion  comparatively  smooth  and  bald.  This  baldness  in- 
9  in  extent  and  becomes  more  and  more  complete,  spreading 
and  advancing  over  the  adja- 
^'^-  ^'^-  cent  portions  of  the  chorion, 

until  at  least  two-thirds  of  its 
surface  have  become  nearly 
or  quite  destitute  of  villosities. 
At  the  opposite  point  of  the 
surface  of  the  egg,  however, 
that  portion,  namely,  which 
corresponds  with  the  insertion 
of  the  fcetal  vessels,  the  villosi- 
ties, instead  of  becoming  atro- 
phied, continue  to  grow ;  and 
this  portion  of  the  chorion  be- 
fin't'ui'f«n\^'at\b°cCoiioa't<inj'hraei''^^''^  oomes  even  more  shaggy  and 
thickly  set  than  before.  The 
consequence  is  that  the  chorion  afterward  presents  a  very  different 
appearance  at  different  portions  of  its  surface,  (Fig.  216.)  The 
greater  part  of  it  is  smooth ;  but  a  certain  portion,  constituting 
about  one-third  of  the  whole,  is  covered  with  a  soft  and  spongy 
mass  of  long,  ihickly-set,  compound  villosities.     It  is  this  thickened 
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and  shaggy  portion,  which  is  afterward  concerned  in  the  formation 
of  the  placenta ;  while  the  remaining  smooth  portion  continues  to 
be  known  under  the  name  of  the  chorion.  The  placental  portion 
of  the  chorion  becomes  distinctly  limited  and  separated  iiqm,  the 
remainder  by  about  the  end  of  the  third  month. 

The  vascularity  of  the  chorion  keeps  pace,  in  its  different  parts 
respectively,  with  the  atrophy  and  development  of  its  villosities. 
As  the  villosities  shrivel  and  disappear  over  a  part  of  its  extent, 
the  looped  capillary  vessels,  which  they  at  first  contained,  disappear 
also ;  so  that  the  smooth  portion  of  the  chorion  shows  afterward 
only  a  few  straggling  vessels  running  over  its  surface,  and  does  not 
contain  any  abundant  capillary  plexus.  In  the  thickened  portion, 
on  the  other  hand,  the  vessels  lengthen  and  ramify  to  an  extent 
corresponding  with  that  of  the  villosities  in  which  they  are  situated. 
The  allantoic  arteries,  coming  from  the  abdomen  of  the  foetus,  enter 
the  villi,  and  penetrate  through  their  whole  extent ;  forming,  at  the 
placental  portion  of  the  chorion,  a  mass  of  tufted  and  ramified  vas- 
cular loops,  while  over  the  rest  of  the  membrane  they  are  merely 
distributed  as  a  few  single  and  scattered  vessels. 

The  chorion,  accordingly,  is  the  external  investing  membrane  of 
the  egg,  produced  by  the  consolidation  and  transformation  of  the 
allantois.  The  placenta,  furthermore,  so  far  as  it  has  now  been 
described,  is  evidently  a  part  of  the  chorion ;  that  part>  namely 
which  is  thickened,  shaggy,  and  vascular,  while  the  remainder  is 
comparatively  thin,  smooth,  and  membranous. 
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CHAPTER  XI. 

DEYELOPMBNT  OF  UTERINE  MUCOUS   MEMBRANE.— 
FORMATION    OF  THE    DECIDUA. 

In  fish,  reptiles,  and  birda^  the  egg  is  either  provided  with  a  sup- 
ply of  nutritious  material  contained  within  its  membranes,  or  it  is 
so  placed,  after  its  discharge  from  the  body  of  the  parent,  that  it 
can  absorb  these  materials  from  without.  Thua»  in  the  egg  of  the 
bird,  the  young  embryo  is  supported  upon  the  albuminous  matter 
deposited  around  the  vitellus ;  while  in  the  frog  and  fish,  moisture^ 
oxygen,  saline  substances,  &c^  are  freely  imbibed  from  the  water 
in  which  the  egg  is  placed. 

But  in  the  quadrupeds,  as  well  as  in  the  human  species,  the  egg 
is  of  minute  size,  and  the  quantity  of  nutritious  matter  which  it 
contains  is  sufficient  to  last  only  for  a  very  short  time.  Moreover. 
the  development  of  the  foetus  takes  place  altogether  within  the  body 
of  the  female,  and  no  supply,  therefore,  can  be  obtained  directly 
from  the  external  media.  In  these  instances,  accordingly,  the  mu- 
cous membrane  of  the  uterus,  which  is  found  to  be  unusually 
developed  and  increased  in  functional  activity  during  the  period  of 
gestation,  becomes  a  source  of  nutrition  for  the  fecundated  ^g. 
The  uterine  mucous  membrane,  thus  developed  and  hypertrophied, 
is  known  by  the  name  of  the  Decidua, 

It  has  received  this  name  because,  as  we  shall  hereafter  see,  it 
becomes  exfoliated  and  thrown  off,  at  the  same  time  that  the  egg 
itself  is  finally  discharged. 

The  mucous  membrane  of  the  body  of  the  uterus,  in  the  unimpreg- 
nated  condition,  is  quite  thin  and  delicate,  and  presents  a  smooth 
and  slightly  vascular  internal  surface.  There  is,  moreover,  no  layer 
of  submucous  cellular  tissue  between  it  and  the  muscular  substance 
of  the  uterus;  so  that  the  mucous  membrane  cannot  here,  as  in 
most  other  organs,  be  easily  dissected  up  and  separated  from  the 
subjacent  parts.  The  structure  of  the  mucous  membrane  itself, 
however,  is  sufficiently  well  marked  and  readily  distinguishable 
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Fig.  217. 
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from   that   of  other   parts.      It   consists,   throughout,   of  minute 
tubular  folliclea,  ranged  side  by  side,  and  running  perpendicularly 
to  the  free  surface  of  the  mucous  membrane.   (Fig.  217.)     Near 
this    free    surface,   they    are    nearly 
etraight;  but  toward  the  deeper  sur- 
face of  the  mucous  membrane,  where 
they  terminate  in   blind   extremities, 
they  become   more  or   less  wavy  or 
spiral  in  their  course.     The  tubules 
are  about  ,Jo  of  an  inch  in  diameter, 
and   are   lined   throughout   with   co- 
lumnar epithelium.  (Fig,  218.)    They 
occupy  the  entire  thickness  of  the  ute- 
rine mucous  membrane,  their  closed    ^  Aiueb«i  .arrue. 
extremities  resting  upon  the  subjacent 

muscular  tissue,  while  their  mouths  open  into  the  cavity  of  the  ute- 
rus. A  few  fine  bloodvessels  penetrate  the  mucous  membrane  from 
below,  and,  running  upward 
between  the  tubules,  encircle 
their  superficial  extremities 
with  a  capillary  network. 
There  is  no  areolar  tissue  in 
the  uterine  mucous  mem- 
brane, but  only  a  smalt  quan- 
tily  of  spindle-shaped  fibro- 
plastic fibres,  scattered  be- 
tween the  tubules. 

As  the  fecundated  egg  is 
about  to  descend  into  the 
cavityof  the  uterus,  the  mu- 
cous membrane,  above  de- 
scribed, takes  on  an  increas- 
ed   activity    of   growth    and        rT^mln   Tt»Dt,n,  from   aatmi  BxabimM  df 

an  unusual  development.   It 

becomes  tumefied  and  vascular ;  and,  as  it  increases  in  thickness,  it 
projects,  in  rounded  eminences  or  convolutions,  into  the  uterine 
cavity.  (Fig.  219.)  In  this  process,  the  tubules  of  the  uterus  in- 
crease in  length,  and  also  become  wider ;  so  that  their  open  mouths 
may  be  readily  seen  by  the  naked  eye  upon  the  uterine  Bur&ce,  as 
numerous  minute  perforations.  The  bloodvessels  of  the  mucous 
membrane  also  enlarge  and  multiply,  and  inosculate  freely  with 
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each  other ;  so  that  the  vascular  network  encircling  the  tubules  be- 
comes more  extensive  and  abundant 

The  internal  surface  of  the  uterusi,  accordingly,  after  this  process 
has  been  for  some  time  going  on,  presents  a  thick,  rich,  soft,  vas- 
cular, and  velvety  lining,  quite  diflFerent  from  thdk  which  is  to  be 
found  in  the  unimpregnated  condition.  In  consequence  of  this 
diflbrence,  the  lining  membrane  of  the  uterus,  in  the  impregnated 
condition,  was  formerly  supposed  to  be  an  entirely  new  product 
thrown  out  by  exudation  from  the  uterine  surface,  and  analogous^ 
in  this  respect^  to  the  inflammatory  exudations  of  croup  and  pleu- 
risy. It  is  now  known,  however,  to  be  no  other  than  the  mucous 
membrane  of  the  uterus  itself,  thickened  and  hypertrophied  to  an 
extraordinary  degree,  but  still  retaining  all  its  natural  connections 
and  its  original  anatomical  structure. 

The  hypertrophied  mucous  membrane,  above  described,  consti- 
tutes the  Decidua  vera.  Its  formation  is  confined  altogether  to  the 
body  of  the  uterus,  the  mucous  membrane  of  the  cervix  taking  no 
part  in  the  process,  but  retaining  its  original  appearance.  The 
decidua  vera,  therefore,  commences  above,  at  the  orifices  of  the 
Fallopian  tubes,  and  ceases  below,  at  the  situation  of  the  os  inter- 
num. The  cavity  of  the  cervix,  meanwhile,  begins  to  be  filled 
with  an  abundant  secretion  of  its  peculiarly  viscid  mucus,  which 
blocks  up,  more  or  less  completely,  its  passage,  and  protects  the 
internal  cavity.  But  there  is  no  membranous  partition  at  this  time 
covering  the  os  internum,  and  the  mucous  membranes  of  the  cervix 
and  of  the  body  of  the  uterus,  though  very  diSerent  in  appearance, 
are  still  perfectly  continuous  with  each  other.  When  we  cut  open 
the  cavity  of  the  uterus,  therefore,  in  this  condition,  we  find  its 
internal  surface  lined  with  the  decidua  vera,  with  the  opening  of 
the  OS  internum  below  and  the  orifices  of  the  Fallopian  tubes  above, 
perfectly  distinct,  and  in  their  natural  positions.  (Fig.  219.) 

As  the  fecundated  egg,  in  its  journey  from  above  downward, 
passes  the  lower  orifice  of  the  Fallopian  tube,  it  insinuates  itself 
between  the  opposite  surfaces  of  the  uterine  mucous  membrane, 
and  becomes  soon  afterward  lodged  in  one  of  the  furrows  or  de- 
pressions  between  the  projecting  convolutions  of  the  decidua. 
(Fig.  219.)  It  is  at  this  situation  that  an  adhesion  subsequently 
takes  place  between  the  external  membranes  of  the  egg,  on  the 
one  hand,  and  the  uterine  decidua  on  the  other.  Now,  at  the  point 
where  the  egg  becomes  fixed  and  entangled,  as  above  stated,  a  still 
more  rapid  development  than  before  takes  place  in  the  uterine 
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mucous  membrane.  Its  projecting  folds  begin  to  grow  up  around 
the  egg  in  such  a  manner  as  to  partially  inclose  it  in  a  kind  of 
circumvallation  of  the  deddua^  and  to  shut  it  oS,  more  or  less  corn- 


Fig.  219. 


Fig.  220. 
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formation  <of  doo!daa.  The  deeldua  ii 
repmMDtod  la  black;  and  tho  egg  !■ 
Men,  at  the  fnndne  of  the  ateras,  en- 
gaged between  two  of  it«  projecting 
eon¥olntiona 


iMPaKaxATKD  UTRarM,  with  pro- 
jMtiDg  folds  of  decldna  growing  np 
aronad  the  egg.  The  narrow  opealng 
where  the  edges  of  the  folds  approaeb 
each  other,  U  seen  over  the  noet  promi- 
Bent  portioa  of  tbe  egg. 
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pletely,  from  the  general  cavity  of  the  uterus,  (Fig.  220.)  The  egg 
is  thus  soon  contained  in  a  special  cavity  of  its  own,  which  still 
communicates  for  a  time  with  the  general  cavity  of  the  uterus  by 
a  small  opening,  situated  over  its  most 
prominent  portion,  which  is  known  as  the 
"  decidual  umbilicus."  As  the  above  pro- 
cess of  growth  goes  on,  this  opening  be- 
comes narrower  and  narrower,  while  the 
projecting  folds  of  decidua  approach  each 
other  over  the  surface  of  the  egg.  At 
last  these  folds  actually  touch  each  other 
and  unite,  forming  a  kind  of  cicatrix 
which  remains  for  a  certain  time,  to  mark 
the  situation  of  the  original  opening. 

When  the  development  of  the  uterus  and 
its  contents  has  reached  this  point  (Fig.       imtkuu>ax^u  UTiam;-. 

£.A<\    '^       -11    1,  xl.    ^  Al.  •  ■howln.f  egg  completely  lnclo.ed 

221),  It  Will   be   seen  that  the  egg  is  com-       by  deeldna  refleza. 

pletely  inclosed  in  a  distinct  cavity  of  its 

own ;  being  everywhere  covered  with  a  decidual  layer  of  new  for- 
mation, which  has  thus  gradually  enveloped  it,  and  by  which  it  is 
concealed  from  view  when  the  uterine  cavity  is  laid  open.    This 
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newly-formed  layer  of  deoidaa,  enveloping,  as  above  deacribed,  the 
projecting  portion  of  the  egg,  is  called  the  Decidua  rejkxa;  because 
it  is  reflected  over  the  egg,  by  a  continuous  growth  firom  the  general 
surface  of  the  uterine  mucous  membrane.  The  orifices  of  the  uterine 
tubules,  accordingly,  in  consequence  of  the  manner  in  which  the 
decidua  reflexa  is  formed,  will  be  seen  not  only  on  its  external  sur- 
face, or  that  which  looks  toward  the  cavity  of  the  uterus^  but  also  on 
its  internal  surface,  or  that  which  looks  toward  the  egg. 

The  decidua  vera,  therefore,  is  the  original  mucous  membrane 
lining  the  surface  of  the  uterus ;  while  the  decidua  reflexa  is  a  new 
formation,  which  has  grown  up  round  (he  egg  and  inclosed  it  in  a 
distinct  cavity. 

If  abortion  occur  at  this  time,  the  mucous  membrane  of  the 
uterus,  that  is,  the  decidua  vera,  is  thrown  off,  and  of  course  brings 
away  with  it  the  egg  and  decidua  reflexa.  On  examining  the  mass 
discharged  in  such  an  abortion,  the  egg  will  accordingly  be  found 
imbedded  in  the  substance  of  the  decidual  membrane.  One  side 
of  this  membrane,  where  it  has  been  torn  away  from  its  attachment 
to  the  uterine  ¥ralls,  is  ragged  and  shaggy ;  the  other  sid^  corres- 
ponding to  the  cavity  of  the  uterus^  is  smooth  or  gently  convoluted, 
and  presents  very  distinctly  the  orifices  of  the  uterine  tubules; 
while  the  egg  itself  can  only  be  extracted  by  cutting  through  the 
decidual  membrane,  either  from  one  side  or  the  other,  and  opening 
in  this  way  the  special  cavity  in  which  it  has  been  inclosed. 

During  the  formation  of  the  decidua  reflexa,  the  entire  egg,  as 
well  as  the  body  of  the  uterus  which  contains  it,  has  considerably 
enlarged.  That  portion  of  the  uterine  mucous  membrane  situated 
immediately  underneath  the  egg,  and  to  which  the  egg  first  became 
attached,  has  also  continued  to  increase  in  thickness  and  vascularity. 
The  remainder  of  the  decidua  vera,  however,  ceases  to  grow  as 
rapidly  as  before,  and  no  longer  keeps  pace  with  the  increasing 
size  of  the  egg  and  of  the  uterus.  It  is  still  very  thick  and  vascu- 
lar at  the  end  of  the  third  month ;  but  after  that  period  it  becomes 
comparatively  thinner  and  less  glandular  in  appearance,  while  the 
unusual  activity  of  growth  and  development  is  concentrated  in  the 
egg,  and  in  that  portion  of  the  uterine  mucous  membrane  which  is 
in  immediate  contact  with  it. 

Let  us  now  see  in  what  manner  the  egg  becomes  attached  to  the 
decidual  membrane,  so  as  to  derive  from  it  the  requisite  supply  of 
nutritious  material.  It  must  be  recollected  that»  while  the  above 
changes  have  been  taking  place  in  the  walls  of  the  uterus^  the 
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Fig.  222. 


formation  of  the  embrjo  in  the  egg,  and  the  development  of  the 
amnion  and  chorion  have  been  going  on  simultaneonslj.  Soon 
after  the  entranoe  of  the  egg  into  the  uterine  cavity,  its  external 
investing  membrane  becomes  covered  with  projecting  filaments,  or 
villosities,  as  previously  described.  (Chap.  X.)  These  villosities, 
which  are  at  first,  as  we  have  seen,  solid  and  non-vascular,  insinuate 
themselves,  as  they  grow,  into  the  uterine  tubules^  or  between  the 
folds  of  the  decidual  sur&ce  with  which  the  egg  is  in  contact^  pene- 
trating in  this  way  into  little  cavities  or  follicles  of  the  uterine 
mucous  membrane^  formed  either  from  the  cavities  of  the  tubules 
themselves,  or  by  the  adjacent  surfaces  of  minute  projecting  folds. 
When  the  formation  of  the  decidua  refiexa  is  accomplished,  the 
chorion  has  already  become  uniformly 
shaggy ;  and  its  villosities,  spreading  in  all 
directions  from  its  external  surface,  pene- 
trate everywhere  into  the  follicles  above  de- 
scribed, both  of  the  decidua  vera  underneath 
it  and  the  contiguous  surface  of  the  decidua 
refiexa  with  which  it  is  covered.  (Fig.  222.) 
In  this  way  the  egg  becomes  entangled 
with  the  decidua,  and  cannot  then  be  read- 
ily separated  from  it^  without  rupturing 
some  of  the  filaments  which  have  grown 
from  its  surface,  and  have  been  received 
into  the  cavity  of  the  follicles.  The  nu- 
tritious fluids,  exuded  from  the  soft  and 
glandular  textures  of  the  decidua,  are  now 
readily  imbibed  by  the  villosities  of  the  chorion ;  and  a  more  rapid 
supply  of  nourishment  is  thus  provided,  corresponding  in  abun- 
dance with  the  increased  and  increasing  size  of  the  egg. 

Very  soon,  however,  a  still  greater  activity  of  absorption  be- 
comes necessary ;  and,  as  we  have  seen  in  a  preceding  chapter,  the 
external  membrane  of  the  egg  becomes  vascular  by  the  formation 
of  the  allantoic  bloodvessels,  which  emerge  from  the  body  of  the 
foetus,  to  ramify  in  the  chorion,  and  penetrate  everywhere  into  the 
villosities  with  which  it  is  covered.  Each  villosity,  then,  as  it  lies 
imbedded  in  its  uterine  follicle,  contains  a  vascular  loop  through 
which  the  foetal  blood  circulates,  increasing  the  rapidity  with  which 
absorption  and  exhalation  take  place. 

Subsequently,  furthermore,  these  vascular  tufts,  which  are  at  first 
uniformly  abundant  throughout  the  whole  extent  of  the  chorion, 
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disappear  over  a  portion  of  itB  surface,  while  tbey  at  the  same  time 
become  conoeatrated  and  still  further  developed  at  a  particular 
spot,  the  situation  of  the  future  placenta.  (Fig.  223.)  This  is  the 
spot  at  which  the  egg  ia  in  contacjt  with 
the  decidua  vera.  Here,  therefore,  both 
the  decidual  membrane  and  the  tufts 
of  the  chorion  continue  to  increase  in 
thickness  and  vascularity ;  while  else- 
where, over  the  prominent  portion  of 
the  egg,  the  chorion  not  only  becomes 
bare  of  villosities,  and  comparatively 
destitute  of  vessela,  but  the  decidua  re- 
flexa,  which  is  in  contact  with  it,  also 
loses  its  activity  of  growth,  and  be- 
comes expanded  into  a  thin  layer,  nearly 
destitute  of  vessels,  and  without  any 
remaining  trace  of  tubules  or  follicles. 
The  uterine  mucous  membrane  is 
therefore  developed,  during  the  process 
of  gestation,  in  such  a  way  as  to  provide 
for  the  nourishment  of  the  fcBtus  in  the  different  stages  of  its  growth. 
At  first,  the  whole  of  it  is  uniformly  increased  in  thickness  (decidua 
vera).  Next,  a  portion  of  it  grows  upward  around  the  egg,  and 
covers  its  projecting  surface  (decidua  reflexa).  Afterward,  both  the 
decidua  reflexa  and  the  greater  part  of  the  decidua  vera  diminish 
in  the  activity  of  their  growth,  and  lose  their  importance  as  a  means 
of  nourishment  for  the  egg ;  while  that  part  which  is  in  contact  with 
the  vascular  tufts  of  the  chorion  continues  to  grow,  becoming  ex- 
ceedingly developed,  and  taking  an  active  part  in  the  formation  i>f 
the  placenta. 

In  the  following  chapter,  we  shall  examine  more  particularly  the 
structure  and  development  of  the  placenta  itself,  and  of  those  parts 
which  are  immediately  connected  with  it. 


ftDil  ihs  TlllodUM  or  lbs 


THE    PLACENTA.  621 


CHAPTER    XII. 

THE  PLACENTA. 

We  have  shown  in  the  preceding  chapters  that  the  foetus,  during 
its  development,  depends  for  its  supply  of  nutriment  upon  the  lining 
membrane  of  the  maternal  uterus :  and  that  the  nutriment,  so  sup- 
plied, is  absorbed  by  the  bloodvessels  of  the  chorion,  and  transported 
in  this  way  into  the  circulation  of  the  foetus.  In  all  instances,  ac- 
cordingly, in  which  the  development  of  the  foetus  takes  place  within 
the  body  of  the  parent^  it  is  provided  for  by  the  relation  thus  esta- 
blished between  two  sets  of  membranes;  namely,  the  maternal 
membranes  which  supply  nourishment,  and  the  foetal  membranes 
which  absorb  it. 

In  some  species  of  animals,  the  connection  between  the  maternal 
and  foetal  membranes  is  exceedingly  simple.  In  the  pig,  for  ex- 
ample, the  uterine  mucous  membrane  is  everywhere  uniformly 
vascular ;  its  only  peculiarity  consisting  in  the  presence  of  nume- 
rous transverse  folds,  which  project  from  its  surface,  analogous  to 
the  valvulse  conniventes  of  the  small  intestine.  The  external  in- 
vesting membrane  of  the  egg,  which  is  the  allantois,  is  also  smooth 
and  uniformly  vascular  like  the  other.  No  special  development  of 
tissue  or  of  vessels  occurs  at  any  part  of  these  membranes,  and 
no  direct  adhesion  takes  place  between  them;  but  the  vascular 
allantois  or  chorion  of  the  foetus  is  everywhere  closely  applied  to 
the  vascular  mucous  membrane  of  the  maternal  uterus,  each  of  the 
two  contiguous  surfaces  following  the  undulations  presented  by  the 
other.  (Fig.  224.)  By  this  arrangement,  transudation  and  absorp- 
tion take  place  from  the  bloodvessels  of  the  mother  to  those  of  the 
foetus^  in  sufficient  quantity  to  provide  for  the  nutrition  of  the  latter. 
When  parturition  takes  place,  accordingly,  in  these  animals,  a  very 
moderate  contraction  of  the  uterus  is  sufficient  to  expel  its  contents. 
The  egg,  displaced  from  its  original  position,  slides  easily  forward 
over  the  surface  of  the  uterine  mucous  membrane,  and  is  at  last 
discharged  without  any  hemorrhage  or  laceration  of  connecting 
parts.  In  other  instances,  however,  the  development  of  the  foetus 
requires  a  more  elaborate  arrangement  of  the  vascular  membranes. 


various  poiots  of  its  surface  no  less  thnn  from  seventy  to  eighty  oval 
spots,  at  each  of  which  the  vessels  of  the  chorion  are  developed  into 
abundant  tufted  prominences,  hanging  from  its  exterior  in  thicl 
velvety,  vascular  masses.  At  each  point  of  the  uterine  mucous  mei 
brane,  corresponding  with  one  of  these  tufted  masses,  the  matemi 
bloodvessels  are  developed  in  a  similar  manner,  projecting  into  tl 
uterine  cavity  as  a  fljittened  rounded  mass  or  cake;  which,  with  that 
part  of  the  f(jetal  chorion  which  is  adherent  to  it,  is  known  by  the 


Fig.  225. 


val         ' 
nto 


name  of  the  Cotyledon.  Each  cotyledon  forms,  therefore,  a  littk 
placenta.  (Fig.  225.)  In  its  substance  the  tufted  vascular  loop( 
ling  from   the  uterine  mucous  membrane  {d,  d)  are  entaagloi 
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with  those  coming  from  the  membranes  of  the  foetus  {b,  b).  There 
is  no  absolute  adhesion  between  the  two  sets  of  vessels,  but  only 
an  interlacement  of  their  ramified  extremities;  and,  with  a  little 
care  in  manipulation,  the  foetal  portion  of  the  cotyledon  may  be 
extricated  from  the  maternal  portion,  without  lacerating  either.  •  In 
consequence,  however,  of  this  intricate  interlacement  of  the  vessels, 
transudation  of  fluids  will  evidently  take  place  with  great  readiness, 
from  one  system  to  the  other. 

The  form  of  placenta,  therefore,  met  with  in  these  animals,  is  one 
in  which  the  bloodvessels  of  the  foetal  chorion  are  simply  entangled 
with  those  of  the  uterine  mucous  membrane.  In  the  human  sub- 
ject, the  structure  of  the  placenta  is  a  little  more  complicated, 
though  the  main  principles  of  its  formation  are  the  same  as  in  the 
above  instances. 

From  what  has  been  said  in  the  foregoing  chapters,  it  appears 
that  in  the  human  subject,  as  well  as  in  the  lower  animals,  the 
placenta  is  formed  partly  by  the  vascular  tufts  of  the  chorion, 
and  partly  by  the  thickened  mucous  membrane  of  the  uterus  in 
which  they  are  entangled.  During  the  third  month,  those  portions 
of  the  chorion  and  decidua  which  are  destined  to  undergo  this 
transformation  become  more  or  less  distinctly  limited  in  their  form 
and  dimensions ;  and  a  thickened  vascular  mass,  partly  maternal 
and  partly  foetal  in  its  origin,  shows  itself  at  the  spot  where  the 
placenta  is  afterward  to  be  developed.  This  mass  is  constituted  in 
the  following  manner. 

It  will  be  recollected  that  the  villi  of  the  chorion,  when  first 
formed,  penetrate  into  follicles  situated  in  the  substance  of  the 
uterine  mucous  membrane ;  and  that  after  they  have  become  vas- 
cular, they  rapidly  elongate  and  are  developed  into  tuftied  ramifi- 
cations of  bloodvessels,  each  one  of  which  turns  upon  itself  in  a 
loop  at  the  end  of  the  villus.  At  the  same  time  the  uterine  follicle, 
into  which  the  villus  has  penetrated,  enlarges  to  a  similar  extent; 
sending  out  branching  diverticula,  corresponding  with  the  multi- 
plied ramifications  of  the  villus.  In  fact,  the  growth  of  the  follicle 
and  that  of  the  villus  go  on  simultaneously,  and  keep  pace  with 
each  other;  the  latter  constantly  advancing  as  the  cavity  of  the 
former  enlarges. 

But  it  is  not  only  the  uterine  follicles  which  increase  in  size  and 
in  complication  of  structure  at  this  period.  The  capillary  blood- 
vessels, which  lie  between  them  and  ramify  over  their  exterior, 
also  become  unusually  developed.  They  enlarge  and  inosculate 
freely  with  each  other;  so  that  every  uterine  follicle  is  soon  covered 
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with  an  abundant  network  of  dilated  capillaries,  derived  from  tbe 
bloodvessels  of  the  original  decidua.  At  this  time,  therefore,  each 
vascular  loop  of  the  foetal  chorioa  is  covered,  first,  with  a  layer 
forming  the  wall  of  tbe  villus.  This  is  in  contact  with  the  lining 
membrane  of  a  uterine  follicle,  and  outside  of  this  again  are  the 
capillary  vessels  of  tbe  uterine  mucous  membrane;  so  that  two 
distinct  membranes  intervene  between  the  walla  of  the  foetal  capil- 
laries on  the  one  band  and  those  of  the  maternal  capillaries  on  tbe 
other,  and  all  transudation  must  take  place  through  the  substance 
of  these  two  membranes. 

Aa  the  formation  of  the  placenta  goes  on,  tbe  anatomical  arrange- 
ment of  the  fcetal  vessel  remains  the  same.  They  continue  to 
form  vascular  loops,  penetrating  deeply  into  tbe  decidual  mem- 
brane; only  they  become  constantly  more  elongated,  and  their 
ramifications  more  abundant  and  tortuous.  The  maternal  capilla- 
ries, however,  situated  on  the  outside  of  the  uterine  follicles,  b^mme 
considerably  altered  in  their  anatomical  relations.  They  enlarge 
excessively ;  and,  by  encroaching  oonatantly  upon  the  little  islets 
or  spaces  between  them,  fuse  succeaaivcly  with  each  other;  and, 
losing  gradually  in  this  way  the  characters  of  a  capillary  network, 
become  dilated  into  wide 
^g>  22S.  sinuses,    which     communicate 

freely  with  tbe  enlarged  vessels 
in  the  muscular  walla  of  the 
uterus.  As  the  original  capil- 
lary plexus  occupied  the  entire 
thickness  of  the  hypertropbied 
decidua,  the  vascular  sinuses, 
into  which  it  is  thus  converted, 
are  equally  extensive.  They 
commence  at  the  inferior  aur- 
face  of  tbe  placenta,  where  it  is 
in  contact  with  the  muscular 
walls  of  the  uterus,  and  extend 
»,ltiT!«,n!,Li\L2Z\mJ  \"TVX  ^^"'"g^  ^^  wlio'e  thickness, 
Urr  bii»d>MM]..   tcgniBed  I3J  diuiHar..  quitc  up  to  the  surface  of  tbe 

fcetal  chorion. 
As  the  maternal  sinuses  grow  upward,  the  vascular  tufts  of  tbe 
chorion  grow  downward,  and  extend  also  through  the  entire  thick- 
ness of  the  placenta.  At  this  period,  the  development  of  the  blood- 
vessels, both  in  the  foetil  and  maternal  portions  of  the  placenta,  is 
so  excessive  that  all  the  other  tissues,  which  originally  co-existed 
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Fig.  227. 


wiih  tliem,  become  retrograde  and  disappear  almost  altogether.  If 
a  villua  from  tlie  ftetal  portion  of  tbe  placenta  be  examined  at  this 
time  by  transparency,  in  tbe  fresli  condition  {Fig.  220)  it  ■will  bo 
seen  that  ila  bloodvessels  are  covered  only  with  a  layer  of  homo- 
geneous, or  finely  granular  material,  sj'no  of  an  inch  in  thickness, 
in  which  are  imbedded  small  oval-shaped  nuclei,  similar  to  those 
seen  at  an  earlier  period  in  the  villosities  of  the  chorion.  The  vil- 
iosities  of  the  chorion  are  now,  therefore,  hardly  anything  more 
than  ramified  and  tortnous  vascular  loops ; 
the  remaining  substance  of  the  villi  hav- 
ing been  atrophied  and  absorbed  in  the 
excessive  growth  of  the  bloodvessels,  the 
abundantse  and  development  of  which 
can  be  readily  shown  by  injection  from 
the  umbilical  arteries.  (Fig.  227.)  The 
uterine  follicles  have  at  the  same  time 
lost  ail  trace  of  their  original  struuturL', 
and  have  become  mere  vascular  sinuses, 
into  which  tbe  tufled  fcetal  bloodvessels 
are  received,  as  the  villosities  of  the  cho- 
rion were  at  first  received  into  the  uterine 
follicles. 

Finally,  the  walls  of  the  fcetal  blood- 
vessels having  come  into  close  contact  with  the  walls  of  the  maternal 
sinuses,  the  two  become  adherent  and  fuse  together ;  ao  that  a  time 
at  last  arrives,  when  wo  can  no  longer  separate  the  foetal  vessels,  in 
the  substance  of  the  placenta,  from  tbe  maternal  sinuses,  without 
lacerating  either  the  one  or  the  other,  owing  to  the  secondary 
adhesion  which  has  taken  place  between  them. 

The  piacenln,  therefore,  when  perfectly  formed,  has  the  structare 
which  is  shown  in  the  accompanying  diagram  (Fig.  228),  repre- 
senting a  vertical  section  of  the  organ  through  its  entire  thickness. 
At  n,  a,  is  seen  the  chorion,  receiving  the  umbilical  vessels  from  tbe 
body  of  the  fcetus  through  the  umbilical  cord,  and  sending  out  its 
compound  and  ramified  vascular  tufts  into  tbe  substance  of  the 
placenta.  At  i,  6,  is  the  attached  surface  of  tbe  decidua,  or  uterine 
mucous  membrane ;  and  at  c,  c,  c,  c,  are  the  orifices  of  uterine  ves- 
sels which  penetrate  it  from  below.  These  vesselsenter  tbe  placenta 
in  an  extremely  oblique  direction,  though  they  are  represented  in 
the  diagram,  for  the  sake  of  distinctness,  as  nearly  perpendicular. 
When  tliey  have  once  penetrated,  however,  tbe  lower  portion  of 
40 
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the  decidua,  they  inamediately  Jilate   into  the  placental    sinm 
(represented,  ia  the  diagram,  in  black),  which  extend  through  the 


whole  thickness  of  the  organ,  closely  embracing  all  the  ramif 
lions  of  the  fcetal  tufts.  It  will  be  seen,  thereFore,  that  the  placenta, 
arrived  at  this  stage  of  completion,  is  composed  essentially  of  no- 
thing but  bloodvessels.  No  other  tissues  enter  into  its  structure ; 
for  all  those  which  it  originally  contained  have  disappeared,  except- 
ing the  bloodvessels  of  the  fcetus,  entangled  with  and  adherent  to 
the  bloodvessels  of  the  mother. 

There  is,  however,  no  direct  communication  between  the  fcetal 
and  maternal  vessels.  The  blood  of  the  foetus  is  always  separated 
from  the  blood  of  the  mother  by  a  membrane  which  has  resulted 
from  the  successive  union  and  fusion  of  four  different  membriinea, 
viz.,  first,  the  membrane  of  tlic  fu^tal  villus;  secondly,  that  of  the 
uterine  follicle ;  thirdly,  the  wall  of  the  ftetal  bloodvessel ;  and, 
fourthly,  the  wall  of  the  uterine  sinus.  The  single  membrane,  how- 
ever, into  which  these  four  finally  coalesce,  is  extremely  thin,  sa 
we  have  seen,  and  of  enormous  extent,  owing  to  the  extremely 
abundant  branching  and  subdivision  of  the  foetal  tufts.  These  tufts. 
accordingly,  in  which  the  blfjod  of  the  foetus  circulates,  are  bathed 
everywhere,  in  the  placental  sinuses,  with  the  blood  of  the  mother; 
and  the  processes  of  endosmosis  and  exosmosis,  of  exhalation  and 
absorption,  go  on  between  the  two  with  the  greatest  posa 
activity. 
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It  is  very  easy  to  demoiustrate  the  arrangement  of  the  foetal 
tufts  in  the  human  placenta.  They  can  be  readily  seen  by  the 
naked  eye,  and  may  be  easily  traced  from  their  attachment  at  the 
under  surface  of  the  chorion  to  their  termination  near  the  uterine 
surface  of  the  placenta.  The  anatomical  disposition  of  the  pla- 
cental sinuses^  however,  is  much  more  difficult  of  examination. 
During  life,  and  while  the  placenta  is  still  attached  to  the  uterus, 
they  are  filled,  of  course,  with  the  blood  of  the  mother,  and  occupy 
fully  one-half  the  entire  mass  of  the  placenta.  But  when  the  pla- 
centa is  detached,  the  maternal  vessels  belonging  to  it  are  torn  oS 
at  their  necks  (Fig.  228,  c,  c,  c,  c),-  and  the  sinuses,  being  then 
emptied  of  blood  by  the  compression  to  which  the  placenta  is  sub- 
jected, are  apparently  obliterated ;  and  the  foetal  tufts,  falling  to- 
gether and  lying  in  contact  with  each  other,  appear  to  constitute 
the  whole  of  the  placental  mass.  The  existence  of  the  placental 
sinuses,  however,  and  their  true  extent^  may  be  satis&ctorily  de- 
monstrated in  the  following  manner. 

If  we  take  the  uterus  of  a  woman  who  has  died  undelivered  at 
the  full  term  or  thereabout^  and  open  it  in  such  a  way  as  to  avoid 
wounding  the  placenta,  this  organ  will  be  seen  remaining  attached 
to  the  uterine  surface,  with  all  its  vascular  connections  complete. 
Let  the  foetus  now  be  removed  by  dividing  the  umbilical  cord,  and 
the  uterus,  with  the  placenta  attached,  placed  under  water,  with  its 
internal  surface  uppermost  If  the  end  of  a  blowpipe  be  now 
introduced  into  one  of  the  divided  vessels  of  the  uterine  walls,  and 
air  forced  in  by  gentle  insufflation,  we  can  easily  inflate,  first,  the 
venous  sinuses  of  the  uterus  itself,  and  next,  the  deeper  portions 
of  the  placenta;  and  lastly,  the  bubbles  of  air  insinuate  themselves 
everywhere  between  the  foetal  tufts,  and  appear  in  the  most  super- 
ficial portions  of  the  placenta,  immediately  underneath  the  trans- 
parent chorion  (a,  a,  Fig.  228) ;  thus  showing  that  the  placental 
sinuses,  which  freely  communicate  with  the  uterine  vessels,  really 
occupy  the  entire  thickness  of  the  placenta,  and  are  equally«exten- 
sive  with  the  tufts  of  the  chorion.  We  have  verified  this  fact  in 
the  above  manner,  on  four  different  occasions,  and  in  the  presence 
of  Prof.  C.  R.  Gilman,  Prof.  Geo.  T.  Elliot,  Dr.  Henry  B.  Sands, 
Prof.  T.  G.  Thomas,  Dr.  T.  C.  Finnell,  and  various  other  medical 
gentlemen  of  New  York. 

If  the  placenta  be  now  detached  and  examined  separately,  it  will 
be  found  to  present  upon  its  uterine  surface  a  number  of  openings 
which  are  extremely  oblique   in   their  position,  and  which  are 
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accordingly  bounded  on  one  side  by  a  very  thin,  projecting,  cres- 
centic  edge.  These  are  the  orifices  of  the  uterine  vessels,  passing 
into  the  placenta  and  torn  ofif  at  their  necks,  as  above  described; 
and  by  carefully  following  them  with  the  probe  and  scissors,  they 
are  found  to  lead  at  once  into  extensive  empty  cavities  (the  pla- 
cental sinuses),  situated  between  the  foetal  tufts.  We  have  already 
shown  that  these  cavities  are  filled  during  life  with  the  maternal 
blood ;  and  there  is  every  reason  to  believe  that  before  delivery, 
and  while  the  circulation  is  going  on,  the  placenta  is  at  least  twice 
as  large  as  after  it  has  been  detached  and  expelled  &om  the  uterus. 

The  placenta,  accordingly,  is  a  double  organ,  formed  partly  by 
the  chorion  and  partly  by  the  decidua ;  and  consisting  of  maternal 
and  foetal  bloodvessels,  inextricably  entangled  and  united  with  each 
other. 

The  part  which  this  organ  takes  in  the  development  of  the  foetus 
is  an  exceedingly  important  one.  From  the  date  of  its  formation, 
at  about  the  beginning  of  the  fourth  month,  it  constitutes  the  only 
channel  through  which  nourishment  is  conveyed  from  the  mother 
to  the  foetus.  The  nutritious  materials,  which  circulate  in  abun- 
dance in  the  blood  of  the  maternal  sinuses,  pass  through  the  inter- 
vening membrane  by  endosmosis,  and  enter  the  blood  of  the  foetus. 
The  healthy  or  injurious  regimen,  to  which  the  mother  is  subjected, 
will  accordingly  exert  an  almost  immediate  influence  upon  the 
child.  Even  medicinal  substances,  taken  by  the  mother  and  ab- 
sorbed into  her  circulation,  may  readily  transude  through  the  pla- 
cental vessels ;  and  they  have  been  known  in  this  way  to  exert  a 
specific  effect  upon  the  foetal  organization. 

The  placenta  is,  furthermore,  an  organ  of  exhalation  as  well  as 
of  absorption.  The  excrementitious  substances,  produced  in  the 
circulation  of  the  foetus,  are  undoubtedly  in  great  measure  disposed 
of  by  transudation  through  the  walls  of  the  placental  vessels,  to  be 
afterward  discharged  by  the  excretory  organs  of  the  mother.  The 
systeni  of  the  mother  may  therefore  be  affected  in  this  manner  by 
influences  derived  from  the  foetus.  It  has  been  remarked  more 
than  once,  in  the  lower  animals,  that  when  the  female  has  iwo  sue 
cessive  litters  of  young  by  different  males,  the  young  of  the  second 
litter  will  sometimes  bear  marks  resembling  those  of  the  first  male. 
In  these  instances,  the  peculiar  influence  which  produces  the  ex 
ternal  mark  must  have  been  transmitted  by  the  first  male  directly 
to  the  foetus,  from  the  foetus  to  the  mother,  and  from  the  mother  to 
the  foetus  of  the  second  litter. 
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It  is  also  tbrough  the  placental  circulation  that  those  disturbing 
efl^ts  are  produced  upon  the  nutrition  of  the  foetus,  which  result 
from  sudden  shocks  or  injuries  inflicted  upon  the  mother.  There  is 
now  little  room  for  doubt  that  various  deformities  and  deficiencies  of 
the  foetus,  conformably  to  the  popular  belief  do  really  originate,  in 
certain  cases^  from  nervous  impressions,  such  as  disgust^  fear  or  anger, 
experienced  by  the  mother.  The  mode  in  which  these  effects  may 
be  produced  is  readily  understood  from  what  has  been  said  above 
of  the  anatomy  and  functions  of  the  placenta.  We  know  very  well 
how  easily  nervous  impressions  will  disturb  the  circulation  in  the 
brain,  the  face,  the  lungs,  &c. ;  and  the  uterine  circulation  is  quite 
as  readily  influenced  by  similar  causes^  as  physicians  see  every  day 
in  cases  of  amenorrhoea,  menorrbagia,  &o.  If  a  nervous  shock  may 
excite  premature  contraction  in  the  muscular  fibres  of  the  pregnant 
uterus  and  produce  abortion,  as  not  unfrequently  happens,  it  is  cer- 
tainly capable  of  disturbing  the  course  of  the  circulation  through 
the  same  organ.  But  the  foetal  circulation  is  dependent^  to  a  great 
extent,  on  the  maternal.  Since  the  two  sets  of  vessels  are  so  closely 
entwined  in  the  placenta,  and  since  the  foetal  blood  has  here  much 
the  same  relation  to  the  maternal,  that  the  blood  in  the  pulmonary 
capillaries  has  to  the  air  in  the  air- vesicles,  it  will  be  liable  to  de- 
rangement from  similar  causes.  If  the  circulation  of  air  through 
the  pulmonary  tubes  be  suspended,  that  of  the  blood  through 
the  general  capillaries  is  disturbed  also.  In  the  same  way,  what- 
ever arrests  or  disturbs  the  circulation  through  the  vessels  of  the 
maternal  uterus  must  necessarily  be  liable  to  interfere  with  that 
in  the  foetal  capillaries  forming  part  of  the  placenta.  And  lastly, 
as  the  nutrition  of  the  foetus  is  provided  for  wholly  by  the  placenta, 
it  will  of  course  suffer  immediately  from  any  such  disturbance  of 
the  placental  circulation.  These  effects  may  be  manifested  either 
in  the  general  atrophy  and  death  of  the  foetus;  or,  if  the  disturbing 
cause  be  slight^  in  the  atrophy  or  imperfect  development  of  par- 
ticular parts ;  just  as,  in  the  adult^  a  morbid  cause  operating  through 
the  entire  system,  may  be  first  or  even  exclusively  manifested  in 
some  particular  organ,  which  is  more  sensitive  to  its  influence  than 
other  parts. 

The  placenta  must  accordingly  be  regarded  as  an  organ  which 
performs,  during  intra-uterine  life,  offices  similar  to  those  of  the 
lungs  and  the  intestine  after  birth.  It  absorbs  nourishment,  reno- 
vates the  blood,  and  discharges  by  exhalation  various  excrementi 
tious  matters,  which  originate  in  the  processes  of  foetal  nutrition. 
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CHAPTER   XIII. 


PISCHARGK    OF    THE    OVUM,    AND    RETROGRAfl 

DEVRLOPilENT  (IN  VO  L  ITTION)  OP  THE   UTERUB. 


DuRiyG  the  growth  of  the  ovum  and  the  formation  of  the  pla- 
cental  Btructures,  the  muscular  eubatance  of  the  uterus  also  increases 
in  thiokneaa,  while  the  whole  organ  enlarges,  in  order  to  accommo- 
date the  growing  t'netus  and  ita  appendages.  The  relative  positions 
of  the  amnion  and  chorion,  furthermore,  undergo  a  change  during 
the  latter  periods  of  gestation,  and  the  umbilical  cord  beoomoa 
developed,  at  the  same  time,  in  the  following  manner. 

In  the  earlier  periods  of  ftetal  life,  the  umbilical  cord  consists 
simply  of  that  portion  of  the  allantois  lying  next  the  abdomen.  It 
is  then  very  short,  and  contains  the  umbilical  vessels  running  in  a 
nearly  straight  course,  and  parallel  with  each  other,  from  the  abdo- 
men of  the  fcetua  to  the  external  portions  of  the  chorion.  At  this 
time  the  amnion  closely  invests  the  body  of  the  fcotus,  bo  that  the 
size  of  ita  cavity  ia  but  little  larger 

*"'«■  ^^-    ._  than  that  of  the  fcetus.  (Fig.  229.) 

The  space  between  the  amnion 
and  the  chorion  is  then  occupied 
by  an  amorphous  gelatinous  ma- 
terial, in  which  lies  imbedded  the 
umbilical  vesicle. 

Afterward,   however,   the  am- 
nion enlarges  faster  than  the  cho- 
rion,  and    encroaches   upon   the 
layer  of  gelatinous  matter  situated 
between   the   two   (Fig.  230),   at 
the  same  time  that  an  albuminous 
cbu'ioq"' '^"''""''*""'°'°  *^  *"'"""'    *^      fluid,  the  "amniotic  fluid,"  is  ex- 
uded into  its  cavity,  in  constantly 
increasing  quantity.     Subsequently,  the  gelatinous  layer,  above  de- 
aoribed,  altogether  disappears,  and  the  amnion,  at  about,  ti 


^^^i 
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ig  of  the  fidU  month,  comes  in  contact  with  the  iiUernal  surface 
of  the  chorion.  FiiiiUly,  toward  tlie  end  of  gestation,  tlie  contact 
becomes  so  close  between  these 

two  raembranea  that  they  are  F's-  230^ 

partially  adherent  to  each 
other,  and  it  requires  a  Htt'e 
care  to  separate  them  without 
laceration. 

The  quantity  of  the  amniotic 
Quid  continues  to  increase  dur- 
ing the  latter  period  of  gesta- 
tion in  order  to  accommodate 
the  movements  of  the  foetus. 
These  movements  begin  to  be 
perceptible    about    the    fifth 

month,    at    which    time    the     m'liirK'mriii^or  »nniVu!" " " " 

muscular  system  has  already 

attained  a  considerabie  degree  of  development,  but  become  after- 
ward more  frequent  and  more  strongly  pronounced.  The  space 
and  freedom  requisite  for  these  movements  are  provided  for  by  the 
fluid  accumulated  in  the  cavity  of  the  amnion. 

The  umbilical  cord  elongates,  at  the  same  time,  in  proportion  t" 
the  increasing  size  of  the  amniotic  cavity.  During  its  growth,  it 
becomes  spirally  twisted  from  right  to  left,  the  two  umbilical  ft;te 
ries  winding  round  the  vein  in  the  same  direction.  The  gelaUnoua 
matter,  as  already  described  as  existing  between  the  amnion  and 
chorion,  while  it  disappears  elsewhere,  accumulates  in  the  ooni  in 
coni>iderabIe  quantity,  covering  the  vessels  with  a  thick,  elastic  en 
Telojie,  which  protects  them  from  injury  and  prevents  their  being 
Accidentally  compressed  or  obliterated.  The  whole  is  covered  by  a 
portion  of  the  amnion,,  which  is  connected  at  one  extremity  with  the 
integument  of  the  abdomen,  and  invests  the  whole  of  the  cord  with 
a  continuous  sheath,  like  the  finger  of  a  glove.  (Fig.  231.) 

The  cord  also  contains,  for  a  certain  period,  the  pedicle  or  stem 
of  the  umbilical  vesicle.  The  situation  of  this  vesicle,  it  will  be 
recollected,  is  always  between  the  chorion  and  the  amnion.  Its 
pedicle  gradually  elongates  with  the  growth  of  the  umbilical  cord  ; 
and  the  vesicle  itself,  which  generally  disappears  soon  after  the 
third  month,  sometimes  remains  as  late  as  the  fifth,  sixth,  or  seventh. 
According  to  Prof.  Mayer,  of  Bonn,  it  may  even  be  found,  by  care- 
fill  search,  at  the  termination  of  pregnancy.     When  discovered  in 
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the  middle  and  latter  periods  of  gestation,  it  presents  itself  as  a 
email,  flattened,  and  shrivelled  resiol^  situated  andemeatb  the 
amnion,  at  a  variable  distance  from  the  insertion  of  the  ambilical 
cord.  A  minute  bloodvessel  is  o^en  seen  nimuiig  to  it  from  the 
(.-ord,  and  rainifyiug  upon  its  surface. 

Fig.  231. 


>rd,  ptuciu,  iHta, 


The  decidua  reflexa,  daring  the  latter  months  of  pregnancy,  is 
constantly  distended  and  pushed  bock  by  the  increasing  ^ize  of  the 
egg;  so  that  it  ia  finally  pressed  closely  against  the  opposite  surface 
of  the  decidua  vera,  which  still  lines  the  greater  part  of  the  uterine 
cavity.  By  the  end  of  the  seventh  month,  the  opposite  surfaces 
of  the  decidua  vera  and  reflexa  are  in  complete  contact  with  each 
other,  though  still  distinct  and  capable  of  being  separated  without 
difficulty.  After  that  time,  they  fuse  together  and  become  con- 
founded with  each  other ;  the  two  at  last  forming  only  a  single, 
thin,  friable,  semi-opaque  layer,  in  which  no  truce  of  their  original 
glandular  structure  can  be  discovered. 

This  is  the  condition  of  things  at  the  termination  of  pregnancy. 
Then,  the  time  having  arrived  for  parturition  to  take  place,  the 
hypertrophied  muscular  walls  of  the  uterus  contract  forcibly  upon 
its  contents,  and  the  egg  is  discharged,  together  with  the  whole  of 
the  decidual  uterine  mucous  membrane. 
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In  the  human  subject,  as  well  as  in  most  quadrupeds,  the  mem- 
branes of  the  egg  are  usually  ruptured  during  the  prooess  of  par- 
turition ;  and  the  foetus  escapes  first,  the  placenta  and  the  rest  of 
the  appendages  following  a  few  moments  afterward.  Occasionally; 
however,  even  in  the  human  subject,  the  egg  is  discharged  entire, 
and  the  foetus  liberated  afterward  by  the  laceration  of  the  mem- 
branes. In  each  case,  however,  the  mode  of  separation  and  expul- 
sion is  in  all  particulars  the  same. 

The  process  of  parturition,  therefore,  consists  essentially  in  a 
separation  of  the  decidual  membrane,  which,  on  being  discharged, 
brings  away  the  ovum  with  it  The  greater  part  of  the  decidua 
vera,  having  fallen  into  a  state  of  atrophy  during  the  latter  months 
of  pregnancy,  is  by  this  time  nearly  destitute  of  vessels,  and  sepa- 
rates, accordingly,  without  any  perceptible  hemorrhage.  That  por- 
tion, however,  which  enters  into  the  formation  of  the  placenta,  is, 
on  the  contrary,  excessively  vascular ;  and  when  the  placenta  is 
separated,  and  its  maternal  vessels  torn  off  at  their  necks,  as  before 
mentioned,  a  gush  of  blood  takes  place,  which  accompanies  or 
immediately  follows  the  birth  of  the  foetus.  This  hemorrhage, 
which  occurs  as  a  natural  phenomenon  at  the  time  of  parturition, 
does  not  come  from  the  uterine  vessels  proper.  It  consists  of  the 
blood  which  was  contained  in  the  placental  sinuses,  and  which  is 
expelled  from  them  owing  to  the  compression  of  the  placenta  by 
the  walls  of  the  uterus.  Since  the  whole  amount  of  blood  thus 
lost  was  previously  employed  in  the  placental  circulation,  and  since 
the  placenta  itself  is  thrown  off  at  the  same  time,  no  unpleasant 
effect  is  produced  upon  the  mother  by  such  a  hemorrhage,  because 
the  natural  proportion  of  blood  in  the  rest  of  the  maternal  system 
remains  the  same.  Uterine  hemorrhage  at  the  time  of  parturition, 
therefore,  becomes  injurious  only  when  it  continues  after  complete 
separation  of  the  placenta;  in  which  case  it  is  supplied  by  the 
mouths  of  the  uterine  vessels  themselves,  left  open  by  failure  of  the 
uterine,  contractions.  These  vessels  are  usually  instantly  closed, 
after  separation  of  the  placenta,  by  the  contraction  of  the  muscular 
fibres  of  the  uterus.  They  pass,  as  we  have  already  mentioned,  in 
an  exceedingly  oblique  direction,  from  the  uterine  surface  to  the  . 
placenta ;  and  the  muscular  fibres,  which  cross  them  transversely 
above  and  below,  necessarily  constrict  them,  and  effectually  close 
their  orifices,  immediately  on  being  thrown  into  a  state  of  contraction. 

Another  very  remarkable  phenomenon,  connected  with  preg- 
nancy and  parturition  is  the  appearance  in  the  uterus  of  a  new 
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mucous   membrane,  growing  underneath  the  old,  and  ready  to 
take  the  place  of  the  latter  after  its  discharge. 

If  the  internal  surface  of  the  body  of  the  uterus  be  examined 
immediately  after  parturition,  it  will  be  seen  that  at  the  spot  where 
the  placenta  was  attached,  every  trace  of  mucous  membrane  has 
disappeared.  The  muscular  fibres  of  the  uterus  are  here  perfectly 
exposed  and  bare ;  while  the  mouths  of  the  ruptured  uterine  sinuses 
are  also  visible,  with  their  thin,  ragged  edges  hanging  into  the 
cavity  of  the  uterus,  and  their  orifices  plugged  with  more  or  less 
abundant  bloody  coagula. 

Over  the  rest  of  the  uterine  surface,  the  decidua  vera  has  also 
disappeared.  Here,  however,  notwithstanding  the  loss  of  the  ori- 
ginal mucous  membrane,  the  muscular  fibres  are  not  perfectly  bare, 
but  are  covered  with  a  thin,  semi-transparent  film,  of  a  whitish  color 
and  soft  consistency.  This  film  is  an  imperfect  mucous  membrane 
of  new  formation,  which  begins  to  be  produced,  underneath  the 
old  decidua  vera,  as  early  as  the  beginning  of  the  eighth  month. 
We  have  seen  this  new  mucous  membrane  very  distinctly  in  the 
uterus  of  a  woman  who  died  undelivered  at  the  above  perioiL 
The  old  mucous  membrane,  or  decidua  vera,  is  at  this  time  some- 
what opaque,  and  of  a  slightly  yellowish  color,  owing  to  a  partial 
fatty  degeneration  which  it  undergoes  in  the  latter  months  of  preg- 
nancy. It  is  easily  raised  and  separated  from  the  subjacent  parts, 
owing  to  the  atrophy  of  its  vascular  connections;  and  the  new 
mucous  membrane,  situated  beneath  it,  is  readily  distinguished  by 
its  fresh  color,  and  healthy,  transparent  aspect. 

The  mucous  membrane  of  the  cervix  uteri,  which  takes  no  part 
in  the  formation  of  the  decidua,  is  not  thrown  off  in  parturition, 
but  remains  in  its  natural  position ;  and  after  delivery  it  may  be 
seen  to  terminate  at  the  os  internum  by  an  uneven,  lacerated  edge, 
where  it  was  formerly  continuous  with  the  decidua  vera. 

Subsequently,  a  regeneration  of  the  mucous  membrane  takes  place 
over  the  whole  extent  of  the  body  of  the  uterus.  The  mucous 
membrane  of  new  formation,  which  is  already  in  existence  at  the 
time  of  delivery,  becomes  thickened  and  vascular ;  and  glandular 
tubules  are  gradually  developed  in  its  substance.  At  the  end  of 
two  months  after  delivery,  according  to  Heschl'  and  Longet,'  it  has 
entirely  regained  the  natural  structure  of  the  uterine  mucous  mem- 

'  Zeitiichrift  der  K.  K.  QeAellsohaft  der  Aerxte,  in  Wien,  1852. 
*  Traite  dt»  Physiologie.     D<»  1&  Qdn^ration,  p.  173. 
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brane.    It  unites  at  the  os  interam,  by  a  linear  cicatrix,  with  the 
mucous  membrane  of  the  cervix,  and  the  traces  of  its  laceration  at 
this  spot  afterward  cease  to  be  visible.    At  the  pointy  however, 
where  the  placenta  was  at- 
tached, the  regeneration  of  Wg«  232. 
the   mucous   membrane  is 
less  rapid;  and  a  cicatrix- 
like  spot  is  often  visible  at 
this    situation    for    several 
months  afl»r  delivery. 

The  only  further  change, 
which  remains  to  be  de- 
scribed in  this  connection, 
is  the  fatty  degeneration 
and  reconstruction  of  the 
muscular  substance  of  the 
uterus.  This  process,  which 
is  sometimes  known  as  the 
*' involution"  of  the  uterus, 
takes  place  in  the  following 
manner.  The  muscular 
fibres  of  the  unimpregnated 
uterus  are  pale,  flattened, 
spindle-shaped  bodies  (Fig. 
232)  nearly  homogeneous 
in  structure  or  very  faintly 
granular,     and     measuring 

from  ^b  ^  5i?j  <>f  ^^  '^^^^ 
in  length,  by  tijootj  ^  «rfoTJ 
of  an  inch  in  width.  During 
gestation  these  fibres  in- 
crease very  considerably  in 
size.  Their  texture  becomes 
much  more  distinctly  granu- 
lar, and  their  outlines  more 
strongly  marked.  An  oval 
nucleus  also  shows  itself  in 

the  central  part  of  each  fibre.    The  entire  walls  of  the  uterus,  at 
the  time  of  delivery,  are  composed  of   such  muscular  fibres  as 
these,  arranged  in  circular,  oblique,  and  longitudinal  bundles. 
About  the  end  of  the  first  week  afl«r  delivery,  these  fibres  begin 


Muscular  Fibkks  or  Unimpbkanatkd 
UTKKrs;  fk'om  a  womaa  aged  4C,  dead  of  pbtbisU 
palmunali*. 

Fig.  233. 


MUBCULAS    FiRRKA    OF    HUMAH    UTKRUB,   lea 

dhj«  after  partarition;  from  a  woznaa  dead  of  pner- 
peral  feY«r. 
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Fig.  234. 


to  undergo  a  fatty  degeneration.  (Fig.  233.)  Their  granules  be- 
come larger  and  more  prominent^  and  very  soon  assume  the 
appearance  of  molecules  of  fat^  deposited  in  the  substance  of  the 
fibre.  The  fatty  deposit,  thus  commenced,  increases  in  abundance, 
and  the  molecules  continue  to  enlarge  until  they  become  converted 
into  fully  formed  oil-globules,  which  fill  the  interior  of  the  fibre 

more  or  less  completely, 
and  mask,  to  a  certain  ex- 
tent, its  anatomical  cha- 
racters. (Fig.  234.)  The 
universal  fatty  degenera- 
tion, thus  induced,  gives  to 
the  uterus  a  softer  consist- 
ency, and  a  pale  yellowish 
color  which  is  characteristic 
of  it  at  this  period.  The 
muscular  fibres  which  have 
become  altered  by  the  fatty 
deposit  are  afterward  gra- 
dually absorbed  and  disap- 
pear; their  place  being 
xuiouLAB  FiBBSB  or  H u M A 9  UTBRr s,  three    subsequently      taken      by 

weeks  after  wurtaritioB ;  from  a  woman  dead  of  peri-  ^  /%i  t%  t* 

toaitit.  Other  fibres  of  new  forma- 

tion, which  already  begin 
to  make  their  appearance  before  the  old  ones  have  been  completely 
destroyed.  As  this  process  goes  on.  it  results  finally  in  a  complete 
renovation  of  the  muscular  substance  of  the  uterus.  The  organ 
becomes  again  reduced  in  size,  compact  in  tissue,  and  of  a  pale 
ruddy  hue,  as  in  the  ordinary  unimpregnated  condition.  This  entire 
renewal  or  reconstruction  of  the  uterus  is  completed,  according  to 
HeschV  about  the  end  of  the  second  month  after  delivery. 


1  Op.  cit« 
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BVELOPMENT  OF  THE  EMBRYO— NEEVOUS  SYSTEM 
ORGANS  OF  SENSE,  SKELETON,  AND    LIMBS. 


Fig.  235. 


The  first  trace  of  a  spina!  cord  in  the  erahryo  consists  oi  the 
mble  longitudinal  fold  or  ridge  of  the  blastodermic  membrane, 
rhicli  shows  itself  at  an  early  period,  as  above  described,  on  each 
tbe  median  furrow.     The  two  laminas  of  wliich  this  ia  com- 
ised,  on  the  right  and  left  sides  {Fig.  235,  a,  b),  unite  with  each 
tber  in  front,  forming  a  rounded  dilatation  (c), 
cephalic  extremity,  and  behind  at  d,  forming 
pointed  or  caudal  extremity.     Near  the  pos- 
extremity,  there  is  a  smaller  dihitalion, 
rhich  marks  tiie  future  situation  of  the  lumbar 
largement  of  the  spinal  cord. 
As  the  laminjB  above  described  grow  upward 
id  backward,  they  unite  with  each  other  upon 
le  median  line,  so  that  the  whole  is  converted 
into  a  hollow  cylindrical  cord,  terminating  ante- 
riorly by  a  bulbous  enlargement,  and  posteriorly 
by  a  pointed   enlargement;   the  central  cavity 
which  it  contains  running  continuously  through 
It,  from  front  to  rear,  mic..8n.*t.  aii>  - 

The  next  change  which  shows  itself  is  a  divi-     "■ ''  "p'"'  ""»   "■  c-^ 
sion  of  the  anterior  bulbous  enlargement  into    ci.oii»i  mtiromiij 
three  secondary  compartments  or  vesicles  (Fig. 

hich  arc  partially  separated  from  each  other  by  transverse 
istrictions.  These  vesicles  are  known  as  the  three  cerebral  vesi- 
from  which  all  the  different  parts  of  the  encephalon  are  after, 
'ard  to  be  developed.  The  first,  or  most  anterior  cerebral  vesicle 
is  destined  to  form  the  hemispheres;  the  second,  or  middle,  the 
tubercula  quadrigemina ;  and  the  third,  or  posterior,  the  medu'da 
oblongata.     All  three  vesicles  are  at  this  time  hollow,  and  their 
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cavities  communicate  freely  with  each  otter,  through  the  iolen") 
ing  couatrictionB, 

Very  soon  the  anterior  and  the  posterior  cerebral  vesicles  suffer 
a  further  division;  the  middle  one  remain- 
Fig.  236.  ing  undivided.     Tlie  anterior  vesicle  thus 
■      separates  into  two  portions,  of  whieh  the 
first,  or  larger,  constitutes  the  hemispheres, 
while  the  second,  or  smaller,  becomes  the 
optic  thalami.     The  third  vesicle  also  sepa- 
rates  into  two  portions,  of  which  the  aal 
rior  becomes  the  cerebeihim,  and  the  pi 
t«rior  the  medulla  oblongata. 
There   are,  therefore,  at   this   time  fi' 
cerebral  vesicles,  all  of  whose  cavities  ooi 
municate  with   each   other   and 
central  cavity  of   the  spinal  cord,    T 
entire  cerebro-spiual  axis,  at  the  same  tii 
becomes  very  strongly  curved 
rior  direction,  corresponding  with  the  aate- 
BFiiAi,  *»■»  —I.  vi«icio"f    rior  curvature  of  the  body  of  the  embryo 
1^' luwHi'™^*  .L^r  »'    (^'S-  ^^'^J'  ^  *''"*  ^^^  middle  vesicle,  or 
TeiicieDrttiemcdaiuDbiouKmw.    that  of  the  tubercula  quadrigemina,  occu- 
pies a  prominent  angle  at  the  upper  part  of 
the  enceph.ilnn,  while  the  hemispheres  and  the  medulla  oblongal 
are  situated  below  it,  anteriorly  and  posteriorly. 

At  first,  it  will  he  observed,  the  relative  size  of  the  various  pai 
of  the  encephalon  is  very  diflerent  from  that  whi 
they  atWrward  attain  in  the  adult  condition.     The 
hemispheres,  for  example,  are  hardly  larger  than 
the  tubercula  quadrigemina;  and  the  cerebell 
is  very  much  inferior  in  size  to  the  medulla  obit 
gata.  Soon  afterward,  the  relative  position  and 
of  the  parts  begin  to  alter.     The  hemispheres  and 
.Intnl..  ..r  no' loch     tubercula  quadrigemina  grow  faster  than  the  posle- 
luBtf,  .howioK  brno    rior  portions  of  the  encephalon ;  and  the  cerebellum 
"-miiphTr™"  »  Tol    becomes  doubled  backward  over  the  medulla  obli 
ivrtiii.   qnwi-iKPmi-    g^f^   (pjg^  238.)     Suhscqucntly,  the  hemisphei 
4  HBdaUii  ubiobiM*.     rapidly  enlarge,  growing  upward  and  backwai 

so  as  to  cover  in  and  conceal  both  the  optic  tha- 
lami and  the  tubercula  quadrigemina  (Fig,  239);  the  cerebellum 
trading  in  the  same  way  to  grow  backward,  and  projecting  farti 


Fig.  237. 
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'  and  farther  over  the  medulla  obloagata.     The  subsequent  hiatory 
of  the  development  of  the  encephalou  ia  little  more  than  a  coa- 

rFig.  238.  Tig  239. 
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tinuation  of  the  same  process ;  the  relative  dimenaiona  of  the  part* 

aonatantly  chitoging,  so  that  the  hemiapherea  become,  in  the  ailull 

^condition  (Fig,  24U),  the  largest  of  all  the  divisions  of  the  eace- 

Fig.  340. 


phalon,  while  the  cerebellum  ia  next  in  size,  and  covers  entirelv 
the  upper  portion  of  the  medulla  oblongata.  The  surfaces,  also,  of 
the  hemiapherea  and  cerebellum,  which  were  at  first  smooth,  become 
afterward  convoluted ;  inoreaaing,  in  this  way,  still  farther  the 
extent  of  their  nervous  matter.  In  the  human  fwtus,  these  con- 
volutions begin  to  appear  about  the  beginning  of  the  fifth  month 
(Longet),  and  grow  constantly  deeper  and  more  abundant  during 
the  remainder  of  fcetal  life. 

The  lateral  portions  of  the  brain  growing  at  the  same  time  more 

rapidly  than  that  which  ia  situated  on  the  median  line,  they  soon 

■'project  on  each  side  outward  and  upward  i   and.  by  folding  over 
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against  each  other  in  the  median  line,  form  the  right  and  left  hemi- 
spheres, separated  from  each  other  by  the  lonffUudinal  fissure. 
A  similar  process  of  growth  taking  place  in  the  spinal  cord  results 
in  the  formation  of  the  two  lateral  columns  and  the  anterior  and  pos- 
terior median  fissures  of  the  cord.  Elsewhere  the  median  fissure  is 
less  complete,  as,  for  example,  between  the  two  lateral  halves  of  the 
cerebellum,  the  two  optic  thalami  and  corpora  striata^  and  the  two 
tubercula  quadrigemina ;  but  it  exists  everywhere,  and  marks  more 
or  less  distinctly  the  division  between  the  two  sides  of  the  nervous 
centres,  produced  by  the  excessive  growth  of  their  lateral  portions. 
In  this  way  the  whole  cerebro-spinal  axis  is  converted  into  a  double 
organ,  equally  developed  upon  the  right  and  left  sides,  and  partially 
divided  by  a  longitudinal  median  fissure. 

Organs  of  Special  Sense. — The  eyes  are  formed  by  a  diverticulum 
which  grows  out  on  each  side  from  the  first  cerebral  vesicle.  This 
diverticulum  is  at  first  hollow,  its  cavity  communicating  with  that 
of  the  hemisphere.  Afterward,  the  passage  between  the  two  is  filled 
up  with  a  deposit  of  nervous  matter,  and  becomes  the  optic  fierve. 
The  globular  portion  of  the  diverticulum,  which  is  converted  into 
the  globe  of  the  eye,  has  a  very  thin  layer  of  nervous  matter  depo- 
sited upon  its  internal  surface,  which  becomes  the  retina;  the  rest 
of  its  cavity  beiqg  occupied  by  a  gelatinous  semi-fluid  substance, 
the  vitreous  body.  The  crystalline  lens  is  formed  in  a  distinct  fol- 
licle, which  is  an  of&hoot  of  the  integument,  and  becomes  partially 
imbedded  in  the  anterior  portion  of  the  globe  of  the  QyQ,  The 
cornea  also  is  originally  a  part  of  the  integument,  and  remains 
partially  opaque  until  a  very  late  period  of  development.  Its  tissue 
clears  up,  however,  and  becomes  perfectly  transparent,  shortly  be- 
fore birth. 

The  iris  is  a  muscular  septum  which  is  formed  in  front  of  the 
crystalline  lens,  separating  the  anterior  and  posterior  chambers  of 
the  aqueous  humor.  Its  central  opening,  which  afterward  becomes 
the  pupil,  is  at  first  closed  by  a  vascular  membrane,  the  pupillary 
viemhraney  passing  directly  across  the  axis  of  the  eye.  The  vessels 
of  this  membrane,  which  are  derived  from  those  of  the  iris,  subse- 
quently become  atrophied.  They  disappear  first  from  its  centre, 
and  afterward  recede  gradually  toward  its  circumference ;  returning 
always  upon  themselves  in  loops,  the  convexities  of  which  are  directed 
toward  the  centre  of  the  membrane.  The  pupillary  membrane  itself 
finally  becomes  atrophied  and  destroyed,  following  in  this  retro- 
grade process  the  direction  of  its  receding  bloodvessels,  viz.,  from 
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the  centre  toward  the  circumference.  It  has  completely  disappeared 
by  the  end  of  the  seventh  month.  (Cniveilhier.) 

Tlie  eyelids  are  formed  by  folds  of  the  integument^  which 
gradually  project  from  above  and  below  the  situation  of  the  eye- 
ball. They  grow  so  rapidly  during  the  second  and  third  months 
that  their  free  margins  come  in  contact  and  adhere  together,  so  that 
they  cannot  be  separated  at  that  time  without  some  degree  of  vio- 
lence. They  remain  adherent  from  this  period  until  the  seventh 
month  (Guy),  when  their  margins  separate  and  they  become  per- 
fectly free  and  movable.  In  the  carnivorous  animals,  however 
(dogs  and  cats),  the  eyelids  do  not  separate  from  each  other  until 
eight  or  ten  days  after  birth. 

The  internal  ear  is  formed  in  a  somewhat  similar  manner  with 
the  eyeball,  by  an  of&hoot  from  the  third  cerebral  vesicle;  the 
passage  between  them  filling  up  by  a  deposit  of  white  substance^ 
which  becomes  the  auditory  nerve.  The  tympanum  and  auditory 
meatus  are  both  ofiTshoots  from  the  external  integument 

Skeleton. — At  a  very  early  period  of  development  there  appears, 
as  we  have  already  described  (Chap.  VII.),  immediately  beneath  the 
cerebro-spinal  axis,  a  cylindrical  cord,  of  a  ooh,  cartilaginous  con- 
sistency, termed  the  chorda  dorsalis.  It  consists  of  a  fibrous  sheath 
containing  a  mass  of  simple  cells,  closely  packed  together  and 
united  by  adhesive  material.  This  cord  is  not  intended  to  be  a 
permanent  part  of  the  skeleton,  but  is  merely  a  temporary  organ 
destined  to  disappear  as  development  proceeds. 

Immediately  around  the  chorda  dorsalis  there  are  deposited  soon 
afterward  a  number  of  cartilaginous  plates,  which  encircle  it  in  a 
series  of  rings,  corresponding  in  number  with  the  bodies  of  the  future 
vertebroB.  These  rings  increase  in  thickness  ft-om  without  inward, 
encroaching  upon  the  substance  of  the  chorda  dorsalis,  and  finally 
taking  its  place  altogether.  The  thickened  rings,  which  have  been 
filled  up  in  this  way  and  solidified  by  cartilaginous  deposit,  become 
the  bodies  of  the  vertebrio ;  while  their  transverse  and  articulating 
processes,  with  the  lamin»  and  spinous  processes,  are  formed  by 
subsequent  outgrowths  from  the  bodies  in  various  directions. 

When  the  union  of  the  dorsal  plates  upon  the  median  line  fails 
to  take  place,  the  spinal  canal  remains  open  at  that  situation,  and 
presents  the  malformation  known  as  spina  bifida.  This  malforma- 
tion may  consist  simply  in  a  fissure  of  the  spinal  canal,  more  or  less 
extensive,  in  which  case  it  may  often  be  cured,  or  may  even  close 
spontaneously ;  or  it  may  be  complicated  with  an  imperfect  deve- 
41 
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lopment  or  complete  absence  of  the  spinal  cord  at  the  same  spot^ 
when  it  is  accompanied  of  course  by  paralysis  of  the  lower  ez* 
tremitiesy  and  almost  necessarily  results  in  early  death. 

The  entire  skeleton  is  at  first  cartilaginous.  The  first  points  of 
ossification  show  themselves  about  the  beginning  of  the  second 
month,  almost  simultaneously  in  the  clavicle  and  the  upper  and 
lower  jaw.  Then  come  in  the  following  order,  the  long  bones  of 
the  extremities,  the  bodies  and  processes  of  the  vertebras,  the  bones 
of  the  head,  the  ribs,  pelvis,  scapula,  metacarpus  and  metatarsus, 
and  the  phalanges  of  the  fingers  and  toes.  The  bones  of  the  carpus, 
however,  are  all  cartilaginous  at  birth,  and  do  not  begin  to  ossify 
until  a  year  afterward.  The  calcaneum  and  astragalus  begin  to 
ossify,  according  to  Cruveilhier,  during  the  latter  periods  of  foetal 
life,  but  the  remainder  of  the  tarsus  is  cartilaginous  at  birth.  The 
lower  extremity  of  the  femur  begins  to  ossify,  according  to  the 
same  author,  during  the  latter  half  of  the  ninth  month.  The  pisiform 
bone  of  the  carpus  is  said  to  commence  its  ossification  later  than 
any  other  bone  in  the  skeleton,  viz.,  at  from  twelve  to  fifteen  years 
after  birth.  Nearly  all  the  bones  ossify  from  several  distinct  points ; 
the  ossification  spreading  as  the  cartilage  itself  increases  in  size, 
and  the  various  bony  pieces,  thus  produced,  uniting  with  each  other 
at  a  later  period,  usually  some  time  aft;er  birth. 

The  limbs  appear  by  a  kind  of  budding  process,  as  offshoots  of 
the  external  layer  of  the  blastodermic  membrane.  They  are  at 
first  mere  rounded  elevations,  without  any  separation  between  the 
fingers  and  toes,  or  any  distinction  between  the  different  articula- 
tions. Subsequently  the  free  extremity  of  each  limb  becomes  di- 
vided into  the  phalanges  of  the  fingers  or  toes ;  and  afterward  the 
articulations  of  the  wrist  and  ankle,  knee  and  elbow,  shoulder  and 
hip,  appear  successively  from  below  upward. 

The  posterior  extremities,  in  the  human  subject,  are  less  rapid  in 
their  development  than  the  anterior.  Throughout  the  terra  of 
foetal  life,  indeed,  the  anterior  parts  of  the  body  are  generally  more 
voluminous  than  the  posterior.  The  younger  the  embryo,  the  larger 
are  the  head  and  upper  extremities  in  proportion  to  the  rest  of  the 
body.  The  lower  limbs  and  the  pelvis,  more  particularly,  are  very 
slightly  developed  in  the  early  periods  of  growth,  as  compared  with 
the  spinal  column,  to  which  they  are  attached.  The  inferior  ex- 
tremity of  the  spinal  column,  formed  by  the  sacrum  and  coccyx, 
projects  at  this  time  considerably  beyond  the  pelvis,  forming  a  tail, 
like  that  of  the  lower  animals,  which  is  curled  forward  toward  the 
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abdomen,  and  terminates  in  a  pointed  extremity.  Subsequently  the 
pelvis  and  the  muscular  parts  seated  upon  it  grow  so  much  faster 
than  the  sacrum  and  coccyx,  that  the  latter  become  concealed 
under  the  adjoining  soft  parts,  and  the  rudimentary  tail  accord- 
ingly disappears. 

The  integument  of  the  embryo  is  at  first  thin,  vascular,  and  ex- 
ceedingly transparent  It  afterward  becomes  thicker,  more  opaque, 
and  whitish  in  color ;  though  even  at  birth  it  is  more  vascular  than 
in  the  adult  condition,  and  the  ruddy  color  of  its  abundant  capil- 
lary vessels  is  then  very  strongly  marked.  The  hairs  begin  to 
appear  about  the  middle  of  intra-uterine  life ;  showing  themselves 
first  upon  the  eyebrows^  and  afterward  upon  the  scalp,  trunk  and 
extremities.  The  nails  are  in  process  of  formation  from  the  third 
to  the  fifth  month ;  and,  according  to  KoUiker,  are  still  covered 
with  a  layer  of  epidermis  until  after  the  latter  period.  The  seba- 
ceous matter  of  the  cutaneous  glandules  accumulates  upon  the  skin 
after  the  sixth  month,  and  forms  a  whitish,  semisolid,  oleaginous 
layer,  termed  the  vemix  caseosa,  which  is  most  abundant  in  the 
flexures  of  the  joints,  between  the  folds  of  the  integument,  behind 
the  ears  and  upon  the  scalp. 

The  cells  of  the  epidermis  are  repeatedly  exfoliated  after  the  first 
five  months  of  festal  life  (Kolliker),  and  replaced  by  others  of  new 
formation  and  of  larger  size.  These  exfoliated  epidermic  cells  are 
found  mingled  with  the  sebaceous  matter  of  the  vemix  caseosa  in 
great  abundance.  This  semi-oleaginous  layer,  with  which  the  in- 
tegument is  covered,  becomes  exceedingly  useful  in  the  process  of 
parturition,  by  lubricating  the  sur&ce  of  the  body,  and  allowing  it 
to  pass  easily  through  the  generative  passages. 
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CHAPTER  XV. 

DEVELOPMENT  OF  THE  ALIMENTARY  OANAL 

AND  ITS  APPENDAGES. 

We  have  already  seen,  in  a  preceding  chapter,  that  the  intestinal 
canal  is  formed  by  the  internal  layer  of  the  blastodermic  membrane, 
which  curves  forward  on  each  side,  and  is  thus  converted  into  a 
nearly  straight  cylindrical  tube,  terminating  at  each  extremity  in 
a  rounded  cul-de-sac,  and  inclosed  by  the  external  layer  of  the 
blastodermic  membrane.  The  abdominal  walls,  however,  do  not 
unite  with  each  other  upon  the  median  line  until  long  after  the 
formation  of  the  intestinal  canal ;  so  that,  during  a  certain  period, 
the  abdomen  of  the  embryo  is  widely  open  in  front,  presenting  a 
long  oval  excavation,  in  which  the  nearly  straight,  intestinal  tube 
is  to  be  seen,  Tunning  from  its  anterior  to  its  posterior  extremity. 

The  formation  of^  the  stomach  takes  place  in  the  following  man- 
ner :  The  alimentary  canal,  originally  straight,  soon  presents  two 
lateral  curvatures  at  the  upper  part  of  the  abdomen ;  the  first  to 
the  left,  the  second  to  the  right.  The  first  of  these  curvatures 
becomes  expanded  into  a  wide  sac,  projecting  laterally  from  the 
median  line  into  the  left  hypochondrium,  forming  the  great  pouch 
of  the  stomach.  The  second  curvature,  directed  to  the  right,  marks 
the  boundary  between  the  stomach  and  the  duodenum ;  and  the 
tube  at  that  point  becoming  constricted  and  furnished  with  a  circular 
layer  of  muscular  fibres,  is  converted  into  the  pylorus.  Immedi- 
ately below  the  pylorus,  the  duodenum  again  turns  to  the  left ;  and 
these  curvatures,  increasing  in  number  and  complexity,  form  the 
convolutions  of  the  small  intestine.  The  large  intestine  forms  a 
spiral  curvature ;  ascending  on  the  right  side,  then  crossing  over 
to  the  left  as  the  transverse  colon,  and  again  descending  on  the  left 
side,  to  terminate  by  the  sigmoid  flexure  in  the  rectum. 

The  curvatures  of  the  intestinal  canal  take  place,  however,  in  an 
antero-posterior,  as  well  as  in  a  lateral  direction,  and  may  be  best 
studied  in  a  profile  view,  as  in  Fig.  241.    The  abdominal  walls  are 
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here  Btill  imperfectly  closed,  leaving  a  wide  opening  at  «,  b,  where 
tbe  integument  of  the  ftetua  becomes  continuous  with  the  com- 
mencement of  tbe  amniotic  membrana     Tbe  intestine  makes  ai 


first  a  single  angular  turn  forward,  and  opposite  the  moat  promi- 
nent portion  of  this  angle  is  to  be  seen  tbe  obliterated  duct,  which 
forma  the  stem  of  the  umbilical  vesicle,  (-j.)  A  short  distince  below 
this  point  the  intestine  subsequently  enlarges  in  its  calibre,  and  tbe 
situation  of  this  enlargement  marks  the  commencement  of  tbe 
colon.  The  two  portions  of  the  intestine,  after  this  period,  become 
widely  different  from  each  other.  The  upper  portion,  which  is  the 
small  intestine,  grows  mostly  in  the  direction  of  its  length,  and 
becomes  a  very  long,  narrow,  and  convoluted  tube:  while  the  lower 
portion,  which  is  the  large  intestine,  increases  rapidly  in  diameter, 
but  elongates  less  than  the  former. 

At  the  point  of  junction  of  the  small  and  large  intestines,  a  late- 
ral bulging  or  diverticulum  of  the  latter  shows  iteelf;  and  increases 
in  extent,  until  the  ileum  seems  at  last  to  be  inserted  obliquely  into 
the  side  of  the  colon.  This  diverticulum  of  tbe  colon  is  at  first 
uniformly  tapering  or  conical  in  shape ;  but  afterward  that  portion 
which  forms  its  free  extremity,  become.'?  narrow  and  elongated,  and 
is  slightly  twisted  upon  itself  in  a  spiral  direction,  forming  tbe 
appendix  vermiformis;  while  the  remaining  portion,  which  is  con- 
tinuous with  the  intestine,  becomes  exceedingly  enlarged,  and  forms 
the  caput  coli. 

Tbe  caput  coU  and  the  appendix  are  at  first  situated  near  tbe 
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umbilicus;  but  between  the  fourtb  and  fifth  months  (Craveilbi 
their  position  is  altered,  and  they  then  become  fixed  in  the  right 
iliac  region.     During  the  first  six  months,  the  internal  eurfaoo  of 
the  small  intestine  is  smooth.     At  the  seventh  month,  according 
Cruveilhier,  the  valvule  conniventea  begin  to  appear,  after  whU 
they  increase  in  size  till  birth.     The  division  of  the  colon 
sacculi  by  longitudinsl  and  transverse  bands,  is  also  an  appearan* 
which  presents  itself  only  daring  the  last  half  of  ftetal  life.     Pre- 
vious to  that  time,  the  colon  is  smooth  and  cylindrieal  in  figure, 
like  the  small  intestine. 

After  the  small  intestine  is  once  farmed,  it  increases  very  rapidly 
in  length.  It  grows,  indeed,  at  this  time,  faster  than  the  walls  of 
the  abdomen ;  so  that  it  can  no  lon| 
be  contained  in  the  abdominal 
but  protrudes,  under  the  form  of  an  li 
testinal  loop,  or  hemia,  from  the  umbili- 
cal opening.  (Fig.  242.)  In  the  human 
embryo,  this  protrusion  of  the  intestine 
can  be  readily  seen  during  the  latter  part 
of  the  second  month.  At  a  subsequent 
period,  however,  the  walk  of  the  abdo- 
men grow  more  rapidly  than  the  intes- 
tine. They  accordingly  gradually  en- 
of^riiwliii..'''("riiii'B'"'nmwii'»^  vslop  the  hernial  protrusion,  and  at  last 
ii«rai>^  rrum  ■  *iwiidi«i  Is  ih<  inclose  it  again  in  the  cavity  of  the  ab- 
"nTMiiT^'fcTittp.ibiii'auBiflBt      domen. 

ii  H<n  p>»iaii  to  the  oBhiiiai  Owing  to  an  imperfect   development 

»  ta^-iito r™'  *"  '  "  ""  of  the  abdominal  walls,  and  an  imperfect 
closure  of  the  umbilicus,  this  intestinal 
protrusion,  which  is  normal  during  the  early  stages  of  fcetal  life, 
sometimes  remains  at  birth,  and  we  then  have  a  congenital  umbilical 
hemia.  As  the  parts  at  that  time,  however,  have  a  natural  tendency 
to  cicatrize  and  unite  with  each  other,  simple  pressure  is  generally 
effectual,  in  such  cases,  in  retaining  the  hemia  within  the  abdomen, 
and  in  producing  at  last  a  complete  cure. 

Urinary  Bladder,  Urethra,  &c. — It  will  be  recollected  that  very 
soon  after  the  formation  of  the  intestine,  a  vascular  outgrowth  lakes 
place  from  its  posterior  portion,  which  gradually  protrudes  from  the 
open  walls  of  the  abdomen  in  front,  until  it  comes  in  contact  with 
the  external  investing  membrane  of  the  egg,  and  forms,  by  its  con- 
tinued growth  and  expansion,  the  allantois.  (Fig,  241,/.)     It  is  ^ 


1 

n<^^™ 
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first,  as  we  have  shown  above,  a  hollow  sac ;  bat,  as  it  spreads  out 
over  the  surface  of  the  investing  membrane  of  the  egg,  its  two 
opposite  walls  adhere  to  each  other,  so  that  its  cavitj  is  obliterated 
at  this  situation,  and  it  is  thus  converted  into  a  single  vascular 
membrane,  the  chorion.  This  obliteration  of  the  cavity  of  the 
allantois  commences  at  its  external  portion,  and  gradually  extends 
inward  toward  the  point  of  its  emergence  from  the  abdomen.  The 
hollow  tube,  or  duct,  which  connects  the  cavity  of  the  allantois  with 
the  posterior  part  of  the  intestine,  is  accordingly  converted,  as  the 
process  of  obliteration  proceeds,  into  a  solid,  rounded  cord.  This 
cord  is  termed  the  urachus. 

After  the  walls  of  the  abdomen  have  come  in  contact,  and  united 
with  each  other  at  the  umbilicus,  that  portion  of  the  above  duct 
which  is  left  outside  the  abdominal  cavity,  forms  a  part  of  the  um- 
bilical cord,  and  remains  connected  with  the  umbilical  arteries  and 
vein.  That  portion,  on  the  contrary,  which  is  included  in  the  ab- 
domen, does  not  close  completely,  but  remains  as  a  pointed  fusiform 
sac,  terminating  near  the  umbilicus  in  the  solid  cord  of  the  urachus, 
and  still  communicating  at  its  base  with  the  lower  extremity  of  the 
intestinal  canaL  This  fusiform  sac  (Fig.  241,  e),  becomes  the  uri- 
nary  bladder;  and  in  the  foetus  at  term,  the  bladder  is  still  conical 
in  form,  its  pointed  extremity  being  attached,  by  means  of  the  ura- 
chus, to  the  internal  surface  of  the  abdominal  walls  at  the  situation 
of  the  umbilicus.  Afterward,  the  bladder  loses  this  conical  form, 
and  its  fundus  in  the  adult  becomes  rounded  and  bulging. 

The  urinary  bladder,  as  it  appears  from  the  above  description,  at 
first  communicates  freely  with  the  intestinal  cavity.  The  intestine, 
in  fact,  terminates,  at  this  time,  in  a  wide  passage,  or  cloaca,  at  its 
lower  extremity,  which  serves  as  a  common  outlet  for  the  urinary 
and  intestinal  passages.  Subsequently,  however,  a  horizontal  par- 
tition makes  its  appearance  just  above  the  point  of  junction  between 
the  bladder  and  rectum,  and  grows  downward  and  forward  in  such 
a  manner  as  to  divide  the  above-mentioned  cloaca  into  two  parallel 
and  unequal  passages.  The  anterior  or  smaller  of  these  passages 
l)ecomes  the  urethra,  the  posterior  or  larger  becomes  the  rectum ; 
and  the  lower  edge  of  the  septum  between  them  becomes  finally 
united  with  the  skin,  forming,  at  its  most  superficial  part,  a  tole 
rably  wide  band  of  integument,  the  perineum,  which  interveneh 
between  the  anus  and  the  external  portion  of  the  urethra. 

The  contents  of  the  intestine,  which  accumulate  during  foetal  life, 
vary  in  different  parts  of  the  alimentary  canal.    In  the  small  intes- 
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tine  they  are  semifluid  or  gelatinous  in  consistency,  of  a  light 
yellowish  or  grayish- white  color  in  the  duodenum,  becoming  yellow, 
reddish-brown  and  greenish-brown  below.  In  the  large  intestine 
they  are  of  a  dark  greenish  hue,  and  pasty  in  consistency ;  and  the 
contents  of  this  portion  of  the  alimentary  canal  have  received  the 
name  of  meconium,  from  their  resemblance  to  inspissated  poppy- 
juice.  The  meconium  contains  a  large  quantity  of  fat,  as  well  as 
various  insoluble  substances,  probably  the  residue  of  epithelial  and 
mucous  accumulations.  It  does  not  contain,  however,  any  trace  of 
the  biliary  substances  (tauro-cholates  and  glyko-cholates)  when  care- 
fully examined  by  Pettenkofer's  test ;  and  cannot  therefore  properly 
be  regarded,  as  is  sometimes  incorrectly  asserted,  as  resulting  from 
the  accumulation  of  bile.  In  the  contents  of  the  small  intestine,  on 
the  contrary,  traces  of  bile  may  be  found,  according  to  Lehmann,* 
so  early  as  between  the  fifth  and  sixth  months.  We  have  also 
found  distinct  traces  of  bile  in  the  small  intestine  at  birth,  but  it  is 
even  then  in  extremely  small  quantity,  and  is  sometimes  altogether 
absent. 

The  meconium,  therefore,  and  the  intestinal  contents  generally, 
are  not  composed  principally,  or  even  to  any  appreciable  extent,  of 
the  secretions  of  the  liver.  They  appear  rather  to  be  produced  by 
the  mucous  membrane  of  the  intestine  itself.  Even  their  vellowish 
and  greenish  color  does  not  depend  on  the  presence  of  bile,  since 
the  yellow  color  first  shows  itself,  in  very  young  foetuses,  about 
the  middle  of  the  small  intestine,  and  not  at  its  upper  extremity. 
The  material  which  accumulates  afterward  appears  to  extend  from 
this  point  upward  and  downward,  gradually  filling  the  intestine, 
and  becoming,  in  the  ileum  and  large  intestine,  darker  and  more 
pasty  as  gestation  advances. 

It  is  a  singular  fact,  perhaps  of  some  iraportan<5e  in  this  connec- 
tion, that  the  amniotic  fluid,  during  the  latter  half  of  foetal  life, 
finds  its  way,  in  greater  or  less  abundance,  into  the  stomach,  and 
through  that  into  the  intestinal  canal.  Small  cheesy-looking  masses 
may  sometimes  be  found  at  birth  in  the  fluid  contained  in  the 
stomach,  which  are  seen  on  microscopic  examination  to  be  no  other 
than  portions  of  the  vemix  caseosa  exfoliated  from  the  skin  into 
the  amniotic  cavity,  and  afterward  swallowed.  According  to  Kcil- 
liker,'  the  soft  downy  hairs  of  the  foetus,  exfoliated  from  the  skin, 

'  Phvsiolozical  Chemistry,  Philadelphia  edition,  vol.  i.  p.  532. 
«  Gewebelehre.     Leipzig,  1^62,  p.  139. 
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are  often  swallowed  in  the  same  way,  and  may  be  found  in  the 
meconium. 

The  gastric  juice  is  not  secreted  before  birth ;  the  contents  of  the 
stomach  being  generally  in  small  quantity,  clear,  nearly  colorless, 
and  neutral  or  alkaline  in  reaction. 

The  liver  is  developed  at  a  very  early  period.  Its  size  in  pro- 
portion to  that  of  the  entire  body  is,  in  fact,  very  much  greater  in 
the  early  months  than  at  birth  or  in  the  adult  condition.  In  the 
foetal  pig  we  have  found  the  relative  size  of  the  liver  greatest 
within  the  first  month,  when  it  amounts  to  very  nearly  12  per  cent, 
of  the  entire  weight  of  the  body.  Afterward,  as  it  grows  less  rapidly 
than  other  parts,  its  relative  weight  diminishes  successively  to  10 
per  cent  and  6  per  cent. ;  and  is  reduced  before  birth  to  3  or  4  per 
cent  In  the  human  subject,  also,  the  weight  of  the  liver  at  birth 
is  between  8  and  4  per  cent  of  that  of  the  entire  body. 

The  secretion  of  Hie  takes  place,  as  we  have  intimated  above, 
during  foetal  life,  in  a  very  scanty  manner.  We  have  found  it,  in 
minute  quantity,  in  the  gall-bladder,  as  well  as  in  the  small  intes- 
tine at  birth ;  but  it  does  not  probably  take  any  active  part  in  the 
nutritive  or  other  functions  of  the  foetus  before  that  period. 

The  glycogenic  function  of  the  liver  commences  during  foetal  life^ 
and  at  birth  the  tissue  of  the  organ  is  abundantly  saccharine.  It  is 
remarkable,  however,  that  in  the  early  periods  of  gestation  sugar  is 
produced  in  the  foetus  from  other  sources  than  the  liver.  In  very 
young  foetuses  of  the  pig,  for  example,  both  the  allantoic  and 
amniotic  fluids  are  saccharine,  a  considerable  time  before  any  sugar 
makes  its  appearance  in  the  tissue  of  the  liver.  Even  the  urine,  in 
half-grown  foetal  pigs,  contains  an  appreciable  quantity  of  sugar, 
and  the  young  animal  is  therefore,  at  this  period,  in  a  diabetic  con- 
dition. This  sugar,  however,  disappears  fit>m  the  urine  before  birtli, 
and  also  from  the  amniotic  fluid,  as  has  been  ascertained  by  M.  Ber- 
nard *j  while  the  liver  begins  to  produce  a  saccharine  substance,  and 
to  exercise  the  glycogenic  function,  which  it  continues  after  birth. 

Development  of  the  Pharynx^  (Esophagus,  Ac, — We  have  already 
seen  that  the  intestinal  canal  consists  at  first  of  a  cylindrical  tube 
terminated  at  each  extremity  of  the  abdominal  cavity  by  a  rounded 
cul-de-sac  (Fig.  241,  c,  c) ;  and  that  the  openings  of  the  mouth  and 
anus  are  subsequently  formed  by  perforations  which  take  place 
through  the  integument  and  the  intervening  tissues,  and  so  estab- 

*^     '  Le'^ona  de  Physiologie  Ezp€riin**ntale,  Paris,  1855,  p.  398. 
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lish  a  communication  with  the  intestinal  tube.  The  formation  of 
the  anterior  perforation,  and  its  appendages,  takes  place  in  the  fol* 
lowing  manner : — 

After  the  early  development  of  the  intestinal  tube  in  the  mode 
above  described,  the  head  increases  in  size  out  of  all  proportion  to 
the  remainder  of  the  foetus,  projecting  as  a  large  rounded  mass  from 
the  anterior  extremity  of  the  body,  and  containing  the  brain  and  the 
organs  of  special  sense.  This  portion  soon  bends  over  toward  the 
abdomen,  in  consequence  of  the  increasing  curvature  of  the  whole 
body  which  takes  place  at  this  time.  In  the  interior  of  this 
cephalic  mass  there  is  now  formed  a  large  cavity  (Fig.  241,  d),  by 
the  melting  down  and  liquefaction  of  a  portion  of  its  substance. 
This  cavity  is  the  pharynx.  It  corresponds  by  its  anterior  extre- 
mity to  the  future  situation  of  the  mouth ;  and  by  its  posterior 
portion  to  the  upper  end  of  the  intestinal  canal,  the  future  situation 
of  the  stomach.  It  is  still,  however,  closed  on  all  sides>  and  does 
not  as  yet  communicate  either  with  the  exterior  or  with  the  cavity 
of  the  stomach.  There  is,  accordingly,  at  this  time,  no  thorax 
whatever ;  but  the  stomach  lies  at  the  upper  extremity  of  the  abdo- 
men, immediately  beneath  the  lower  extremity  of  the  pharynx,  from 
which  it  is  separated  by  a  wall  of  intervening  tissue. 

Subsequently,  a  perforation  takes  place  between  the  adjacent 
extremities  of  the  pharynx  and  stomach,  by  a  short  narrow  tube, 
the  situation  of  which  is  marked  by  the  dotted  lines  a*,  in  Fig.  241. 
This  tube  afterward  lengthens  by  the  rapid  growth  of  that  portion 
of  the  body  in  which  it  is  contained,  and  becomes  the  ossophagus. 
Neither  the  pharynx  nor  oesophagus,  therefore,  are,  properly  speak- 
ing, parts  of  the  intestinal  canal,  formed  from  the  internal  layer  of 
the  blastodermic  membrane ;  but  are,  on  the  contrary,  formations 
of  the  external  layer,  from  which  the  entire  cephalic  mass  is  pro- 
duced. The  lining  membrane  of  the  pharynx  and  oesophagus  is  to 
be  regarded,  also,  for  the  same  reason,  as  rather  a  continuation  of 
the  integument  than  of  the  intestinal  mucous  membrane;  and  even 
in  the  adult,  the  thick,  whitish,  and  opaque  pavement  epithelium 
of  the  oesophagus  may  be  seen  to  terminate  abruptly,  by  a  well- 
defined  line  of  demarkation,  at  the  cardiac  orifice  of  the  stomach; 
beyond  which,  throughout  the  remainder  of  the  alimentary  canal, 
the  epithelium  is  of  the  columnar  variety,  and  easily  distinguish- 
able by  its  soft,  ruddy,  and  transparent  appearance. 

As  the  oesophagus  lengthens,  the  lungs  are  developed  on  each 
side  of  it  by  a  protrusion  from  the  pharynx  which  extends  and 
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becomes  repeatedly  subdivided,  forming  the  bronchial  tubes  and 
their  ramifications.  At  first,  the  lungs  project  into  the  upper 
part  of  the  abdominal  cavity ;  for  there  is  still  no  distinction  be- 
tween the  chest  and  abdomen.  Afterward,  a  horizontal  partition 
begins  to  form  on  each  side,  at  the  level  of  the  base  of  the  lungs, 
which  gradually  closes  together  at  a  central  point,  so  as  to  form 
the  diaphragm,  and  finally  shuts  off  altogether  the  cavity  of 
the  chest  from  that  of  the  abdomen.  Before  the  closure  of  the 
diaphragm,  thus  formed,  is  complete,  a  circular  opening  exists  on 
each  side  the  median  line,  by  which  the  peritoneal  and  pleural 
cavities  communicate  with  each  other.  In  some  instances  the  de- 
velopment of  the  diaphragm  is  arrested  at  this  point,  either  on  one 
side  or  the  other,  and  the  opening  accordingly  remains  permanent. 
The  abdominal  organs  then  partially  protrude  into  the  cavity  of 
the  chest  on  that  side,  forming  congenital  diaphragmatic  henna. 
The  lung  on  the  affected  side  also  usually  remains  in  a  state  of 
imperfect  development.  Diaphragmatic  hernia  of  this  character  is 
more  frequently  found  upon  the  left  side  than  upon  the  right.  It 
may  sometimes  continue  until  adult  life  without  causing  any  seri- 
ous inconvenience. 

The  heart  is  formed,  at  a  very  early  period,  directly  in  front  of 
the  situation  of  the  oesophagus.  Its  size  soon  becomes  very  large 
in  proportion  to  the  rest  of  the  body ;  so  that  it  protrudes  beyond 
the  level  of  the  thoracic  parietes,  covered  only  by  the  pericardium. 
Subsequently,  the  walls  of  the  thorax,  becoming  more  rapidly 
developed,  grow  over  it  and  inclose  it.  In  certain  instances,  how* 
ever,  they  fail  to  do  so,  and  the  heart  then  remains  partially  or 
completely  uncovered,  in  front  of  the  chesty  presenting  the  condition 
known  as  ectopia  cordis.    This  malformation  is  necessarily  latal. 

Development  of  the  Face. — While  the  lower  extremity  of  the 
pharynx  communicates  with  the  cavity  of  the  stomach,  as  above 
described,  its  upper  extremity  also  becomes  perforated  in  a  similar 
manner,  and  establishes  a  communication  with  the  exterior.  This 
perforation  is  at  first  wide  and  gaping.  It  afterward  becomes 
divided  into  the  mouth  and  nasal  passages ;  and  the  different  parts 
of  the  face  are  formed  round  it  in  the  following  manner : — 

From  the  sides  of  the  cephalic  mass  five  buds  or  processes  shoot 
out,  and  grow  toward  each  other,  so  as  to  approach  the  centre  of 
the  oral  orifice  above  mentioned.  (Fig.  243.)  One  of  them  grows 
directly  downward  from  the  frontal  region  (i),  and  is  called  the 
frontal  or  intermaxillary  process,  because  it  afterward  contains  in 


852 


DKVKLOPMEST   OF   THE    AHMESTABY   CANAL 


i  lower  e 


Fig.  243. 


r  extremity  the  intermaxillary  bonea,  ia  which  the 
teeth  of  the  upper  jaw  are  iuserted.     The  next  process  (a)  origin- 
ates from  the  side  of  the  opening,  and,  advancing  toward  the  median 
line,  forms,  with  its  fellow  of  the  opposite 
side,  the  superior  maxilla.     The  processes 
of  the  remaining  pair  (i)  also  grow  from 
the  side,  and   form,  by  their  subsequent 
union  upon  the  median  line,  the  inferior 
maxilla.     The  inferior  maxillary  bone  is 
finally  consolidated,  in  man,  into  a  single 
piece,  but  remains  permanently  divided, 
in  the  lower  animals,  by  a  suture  upon  tho 
median  line. 
u  .bum  lu.  «r.iiiieih  d'r-  ifisJ         As  the  frontal  process  grows  from  a1 
tBiu^\'  ''ni*c'M'-i''f"'  ""!    downward,  it  becomes  double  at  its  loi 
orHKorio.xiiiiiryprMMiL  I.  p™-    extremity,  and  at  the  same  time  two  off- 
w^ot'inhr'arTMi'i'it    ^  ^"^    shoots   show  thcmselves   upon   its   sides, 
which  curl  round  and  inclose  two  circular 
orificea,  the  opening  of  the  anterior  nares ;  the  ofl'shoots  themselves 
becoming  the  alie  nasi.  (Fig.  24-1.)     The  mouth  at  this  period  is 
very  widely  open,  owing  to  the  imperfect  development  of  the  upper 
and   lower  jaw,  and    the  incomplete 
Fin.  2-H.  formation  of  the  lips  and  cheeks. 

The  processes  of  the  superior  max- 
illa continue  their  growth,  but  less 
rapidly  than  those  of  the  inferior;  so 
that  the  two  sides  of  the  lower 
are  already  consolidated  with 
other,  while  those  of  the  upper 
are  still  separate. 

As  the   ]>roceases  of  the 
maxilla  continue  to  enlarge,  they 
HeiiM.FHnaA^EaBiiuiKiixjut    ffind  to  Unite  with  each  other  on  tl 
.uhur*  po-Hoiaa.  median  line,  but  are  prevented  from 

doing  flo  by  the  intermaxillary  pro- 
cesses which  grow  down  between  them.    They  then  unite  with  tl 
intermaxillary  processes,  which  have  at  the  same  time  unitefl  wil 
each  other,  and  the  upper  jaw  and  lip  are  thus  completed.  (Pift 
245.)     The  externa!  edge  of  the  ala  nasi  also  adheres  to  the  superior 
maxillary  process  and  unites  with  it,  leaving  only  a  curved  crease 
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^^^mrovf,  as  a  sort  of  cicatrix,  to  mark  the  line  of  union  between 
them. 

Sometimes  the  superior  maxillary  and  the  intermaxillary  pro- 
cesses fail  to  unite  with  each  other ;  and  we  then  have  the  mal- 
formation   known  as   hare-lip.     The 
fisaure  of  hare-lip,  consequently,  as  a 
general  rule,  ia  not  situated  exactly  in 
the  median  line,  but  a  little  to  one  side 
of  it,  on  the  external  edge  of  the  inter- 
maxillary process.     Occasionally,  the 
same  deficiency  exists  on  both  sides, 
producing  "double  hare-lip ;"  in  which 
cose,  if  the  fissures  extend  through 
the  bony  structures,  the  central  piece 
of  the  superior  maxilla,  which  is  de- 
tached  from  the  remainder,  contains       nn^D-r  Hmn  Bunmo.  »b..oi 
the  four  upper  incisor  teeth,  and  cor-     .,'K,cim,'oiBi'be»aiiiori.p.i"Mii«'u. 
responds  with  the  intermaxillary  bone 

of  the  lower  animals.  In  some  rare  instances  the  fisaure  of  hare- 
lip is  situated  in  the  median  line,  the  two  iutermaxillary  bones 
never  having  united  with  each  other.  A  case  of  this  kind  has 
been  observed  by  Prof.  Jeffries  Wyman.' 

The  eyes  at  an  early  period  are  situated  upon  the  sides  of  the 
head,  so  that  they  cannot  be  seen  in  an  anterior  view.  (Fig.  2-13.) 
As  development  proceeds,  they  come  to  be  situated  farther  forward 
(Fig.  244),  their  axes  being  divergent  and  directed  obliquely  for- 
ward and  outward.  At  a  later  period  still  they  are  placed  on  the 
anterior  plane  of  the  face  (Fig.  245),  and  have  tlieir  axes  nearly 
parallel  and  looking  directly  forward.  This  change  in  the  situa- 
tion of  the  eyes  is  effected  by  the  more  rapid  growth  of  the  pos- 
terior and  lateral  parts  of  the  head,  which  enlarge  in  such  a  manner 
as  to  alter  t!ie  relative  position  of  the  parts  seate<l  in  front  of  them. 

The  palate  is  formed  by  a  sejitum  between  the  mouth  and  nares, 
which  arises  on  each  side  as  a  horizontal  jilate  or  offshoot  from  the 
superior  maxilla.  These  two  plates  afterward  unite  with  each 
other  upon  the  median  line,  forming  a  complete  partition  between 
the  oral  and  nasal  cavities.  The  right  and  left  nasal  passages  are 
also  separated  from  each  other  by  a  vertical  plate  (vomer),  which 
grows  from  above  downward  and  fuses  with  the  palatal  plates  be- 
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low.  Fissure  of  the  palate  is  caused  by  a  deficiency,  more  or  lets 
complete,  of  one  of  the  horizontal  maxillary  plates.  It  is  accord- 
ingly situated  a  little  on  one  side  of  the  median  line,  and  is  fre- 
quently associated  with  hare-lip  and  fissure  of  the  upper  jaw.  The 
fissures  of  the  palate  and  of  the  lip  are  very  often  continuous  with 
each  other. 

The  anterior  and  posterior  pillars  of  the  fauces  are  incomplete 
yertical  partitions^  which  grow  from  the  sides  of  the  oral  cavity, 
and  tend  to  separate,  by  a  slight  constriction,  the  cavity  of  the 
mouth  from  that  of  the  pharynx. 

When  all  the  above  changes  are  accomplished,  the  phaiynx, 
oesophagus,  mouth,  nares,  and  fauces,  with  their  various  projections 
and  divisions,  have  been  successively  formed ;  and  the  development 
of  the  upper  part  of  the  alimentary  canal  is  then  complete. 


DBVKLOPMENT  OF  THE  KIDNEYS. 


CHAPTER    XVI. 


DEVELOPMEKT  OF  THE  KIDNBYS.  WOLFFTAN 
BODIES.  AND  INTEBNAL  0B0AN8  OF  (FENE- 
RATION. 


The  first  trace  of  a  urinary  apparatus  in  the  embryo,  consists  of 
two  long,  fusiform  bodies,  which  make  their  appearance  in  the  ab- 
domen at  a  very  early  period,  eituated  on  each  side  the  sjiiual 
column.  These  are  koown  by  the  name  of  the  Wolffian  hodks. 
They  are  fully  formed  in  the  human  subject,  toward  the  eml  of  the 
first  month  (Coste),  at  which  time  they  arc  the  largest  organs  in  the 
cavity  of  the  abdomen,  extending  from  just  below  the  heart,  nearly 
to  the  posterior  extremity  of  the  body.  In  the  ftetal  pig,  when  a 
li'ttle  over  half  an  intfh  in  length  (Fig.  2-il!).  tlie  Wolffian. Ijodies  are 


Pig.  Z4li. 


rounded  and  kidney-shaped,  and  occupy  a 
very  large  part  of  the  abdominal  cavity. 
Their  importance  may  be  estimated  from  the 
fact  that  their  weight  at  this  time  is  equal  to 
a  little  over  j'j  of  that  of  the  entire  body — a 
proportion  which  is  seven  or  eight  times  as 
large  as  that  of  the  kidneys  in  the  adult 
condition.  There  are,  indeetl,  at  this  period 
only  three  organs  perceptible  in  the  abdo- 
men, viz.,  the  liver,  which  has  begun  to  be 
formed  at  the  upper  part  of  the  abdominal 
cavity ;  the  inte.itine,  which  is  already  some- 
what convolute<l,  and  occupies  its  central 
portion ;  and  the  Wolffian  bodies,  which  pro- 
ject on  each  side  the  spinal  column.  waigi*ub«iiu. 

The   Wolffian   bodies,   in  their   intimate 
structure,  closely  resemble  the  adult  kidney.     They  consist  of 
secreting  tubules,  lined  with  epithelium,  which  run  from  the  outer 
toward  the  inner  edge  of  the  organ,  terminating  at  their  free  ex- 
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tremities  in  small  rounded  dilatations.    Into  each  of  these  dilated 
extremities  is  received  a  globular  coil  of  capillary  bloodvessels,  or 
glomerulus,  similar  to  that  of  the  adult  kidney.    The  tubules  of  the 
Wolffian  body  all  empty  into  a  common  excretory  duct,  which  leaves 
the  organ  at  its  lower  extremity,  and  communicates  afterward  with 
the  lower  part  of  the  intestinal  canal,  just  at  the  point  where  the 
diverticulum  of  the  allantois  is  given  off,  and  where  the  urinary 
bladder  is  afterward  to  be  situated.      The  principal,  if  not  the 
ys  a  J.  only  distinction,  between  the  minute  structure  of  the  Wolffian 
^^r^^^bodies  and  that  of  the  true  kidneys,  consists  in  the  size  of  the 
U*^^^    tubules  and  of  their  glomeruli,  these  elements  being  considerably 
J^t^  y£o  larger  in  the  Wolffian  body  than  in   the  kidney.    In  the  fcetal 
iC^^JcUZ     pig>  for  example,  when  about  an  inch  and  a  half  in  length,  the 
((/u^  /«^  diameter  of  the  tubules  of  the  Wolffian  body  is  2  U  of  an  inch, 
J^         while  in  the  kidney  of  the  same  foetus,  the  diameter  of  the  tubules 
'    ^'^       is  only  7J3  of  an  inch.     The  glomeruli  in  the  Wolffian  bodies 
measure  ^\  of  an  inch  in  diameter,  while  those  of  the  kidney  mea- 
sure only  y|^  of  an  inch.  The  Wolffian  bodies  are  therefore  urinary 
organs,  so  far  as  regards  their  anatomical  structure,  and  are  some- 
times known,  accordingly,  by  the  name  of  the  "false  kidneys.'' 
There  is  little  doubt  that  they  perform,  at  this  early  period,  a  func- 
tion analogous  to  that  of  the  kidneys,  and  separate  from  the  blood 
of  the  embryo  an  excrementitious  fluid  which  is  discharged  by  the 
ducts  of  the  organ  into  the  cavity  of  the  allantois. 

Subsequently,  the  Wolffian  bodies  increase  for  a  time  in  size, 
though  not  so  rapidly  as  the  rest  of  the  body ;  and  consequently 
their  relative  magnitude  diminishes.  Still  later,  they  begin  to 
su£Eer  an  absolute  diminution  or  atrophy,  and  become  gradually 
leas  and  less  perceptible.  In  the  human  subject,  they  are  hardly 
to  be  detected  after  the  end  of  the  second  month  (Longet),  and  in 
the  quadrupeds  also  they  completely  disappear  long  before  birth. 
They  are  consequently  fcetal  organs,  destined  to  play  an  important 
part  during  a  certain  stage  of  development,  but  to  become  after- 
ward atrophied  and  absorbed,  as  the  physiological  condition  of  the 
foetus  alters.  During  the  period,  however,  of  their  retrogression 
and  atrophy,  other  organs  appear  in  their  neighborhood,  which 
become  afterward  permanently  developed.  These  are,  first,  the 
kidneys,  and  secondly,  the  internal  organs  of  generation. 

The  kidneys  are  formed  just  behind  the  Wolffian  bodies,  and  are 
at  first  entirely  concealed  by  them  in  a  front  view,  the  kidneys 
being  at  this  time  not  more  than  a  fourth  or  a  fifth  part  the  size  of 
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me  WoifBan  bodies.  (Fig.  247.)     Ab  the  kidneys,  however,  subsa- 
quentlj  etdarge,  while  the  Wolffian  bodies  diminish,  the  propor- 
tions existing  between  the  two  organs  are 
revereed ;  and  the  Wolffian  bodies  at  last 
come  to  be  mere  small  roundeil  or  ovoid 
masses,  situated  on  the  anterior  surface 
of  the  kidneys.  (Figs.  248  and  249.)     The 
kidneys,  during  this  perioti,  grow  more 
rapidly  in  an  upward  than  in  a.  downward 
direction,  so   that    the  Wolffian    bodies 
come  to  be  situated  near   their  inferior 
extremity,  and  seem  to  have  performed 
a  sliding  movement  from  above  down- 
ward, over  their  anterior  snrface.     This 
apparent   sliding   movement,  or  descent    ""''"'  '"°*    ^"™  "  "p«ii"»o  i° 
of  the  Wolffian  bodies,  ia  owing  entirely    budj    i  anutf. 
to  the  rapid  growth  of  the  kidneys  in  an 
upward  direction,  as  we  have  already  explained. 

The  kidneys,  during  the  succeeding  periods  of  fcetal  life,  become 
in  their  turn  very  largely  developed  in  proportion  to  th*  rest  of  the 
organs ;  attaining  a  size,  in  the  fcetal  pig,  equal  to  ^\  (in  weight) 
of  the  entire  body.  This  projKjrtion,  however,  diminishes  again 
very  considerably  before  birth,  owing 
to  the  increased  development  of  other 
parts.  In  the  human  fcetus  at  birth, 
the  weight  of  the  two  kidneys  taken 
together  is  xi«  t^^t  of  the  entire 
body, 

Inlemal  Orrjana  of  Qeneration.  — 
About  the  same  time  that  the  kidneys 
are  formed  behind  the  Wolffian  bodies, 
two  oval -shaped  organs  make  their 
appearance  in  front,  on  the  inner  side  of  .l""'^,  "I'Vteuir'i^ih'rM 
the  Wolffian  bodies  and  between  them  imibM lonj.  rn>nii>pHiBtBiiiiii« 
and  the  spinal  column.  These  bodies  are  "j.  w'iniirb"ndi«~  s, s  iDinui 
the  internal  organs  of  generation;  viz.,  •"m""-  "'  gnmrtugn ;  u-iicin  or 
the  testicles  in  the  male,  and  the  ovaries  oTerinftoin.  a,  latniiua. 
in   the    female.      At  first   they  occupy 

precisely  the  same  situation  and  present  precisely  the  same  appear 
ance,  whether  the  foitua  ia  afterward  to  belong  to  the  male  or  the 
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A  short  distance  above  the  internal  organs  of  generation  there 
commences^  on  each  side,  a  narrow  tube  or  duct,  which  runs  from 
above  downward  along  the  anterior  border  of  the  Wolffian  body, 
immediately  in  front  of  and  parallel  with  the  excretory  duct  of  this 
organ.  The  two  tubes,  right  and  lefty  then  approach  each  other 
below;  tEod^  Jcnning  upon  the  median  line,  empty,  together  with 
ihe  duots  of  the  Wolffian  bodies,  into  the  base  of  the  allantois^  or 
wbttk  will  afterward  be  the  base  of  the  urinary  bladder.  These  tubes 
attrve  as  the  exoretorj  ducts  of  the  internal  organs  of  generation ; 
and  will  afterward  beoome  the  vasa  de/erentia  in  the  male,  and  the 
lUbpkm  tubes  in  the  female.  According  to  Coste,  the  vasa  defe- 
ventia  at  an  eariy  period  are  disconnected  with  the  testicles ;  and 
originate^  like  the  Fkllopian  tubes,  by  free  extremities,  presenting 
each  an  open  orifice.  It  is  only  afterward,  according  to  the  same 
author,  that  the  vasa  deferentia  become  adherent  to  the  testicles,  and 
a  communication  is  established  between  them  and  the  tubuli  semi- 
niferi.  In  the  female,  the  Fallopian  tubes  remain  permanently 
disconnected  with  the  ovaries,  except  by  the  edge  of  the  fimbriated 
extremity ;  which  in  many  of  the  lower  animals  becomes  closely 
adherent  to  the  ovary,  and  envelopes  it  more  or  less  completely. 

Male  Organs  of  Generation;  Descent  of  the  Testicles, — In  the  male 
foetus  there  now  commences  a  movement  of  translation,  or  change 
of  place,  in  the  internal  organs  of  generation,  which  is  known  as 
the  "  descent  of  the  testicles."  In  consequence  of  this  movement^ 
the  above  organs,  which  are  at  first  placed  near  the  middle  of  the 
abdomen,  and  directly  in  front  of  the  kidneys,  come  at  last  to  be 
situated  in  the  scrotum,  altogether  outside  and  below  the  abdominal 
cavity.  They  also  become  inclosed  in  a  distinct  serous  sac  of  their 
oMm,  the  tunica  vaginalis  testis.  This  apparent  movement  of  the 
testicles  is  accomplished  in  the  same  manner  as  that  of  the  Wolf- 
fian bodies,  above  mentioned,  viz.,  by  a  disproportionate  growth  of 
the  middle  and  upper  portions  of  the  abdomen  and  of  the  organs 
situated  above  the  testicles,  so  that  the  relative  position  of  these 
organs  becomes  altered.  The  descent  of  the  testicles  is  accompanied 
by  certain  other  alterations  in  the  organs  themselves  and  their 
appendages,  which  take  place  in  the  following  manner. 

By  the  upward  enlargement  of  the  kidneys,  both  the  Wolffian 
bodies  and  the  testicles  are  soon  found  to  be  situated  near  the 
lower  extremity  of  these  organs.  (Fig.  249.)  At  the  same  time,  a 
slender  rounded  cord  (not  represented  in  the  figure)  passes  from 
the  lower  extremity  of  each  testicle  in  an  outward  and  downward 
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urection,  crossiDg  the  corresponding  vas  deferens  a  short  distanee 
above  its  union  with  its  fellow  of  the  opposite  side.  Beiow  this 
point,  the  cord  spoken  of  continues  to  run  obliquely  outward  and 
downward;  and,  parsing  through 
the  abdominal  walls  at  the  situa- 
tion of  the  inguinal  canal,  is  in- 
serted into  the  subcutaneous  tia- 
suea  near  thesymphysia  pubis. 
The  lower  part  of  this  cord  be- 
comes the  gubemacuJum  testis  ;  and 
muscular  fibres  are  soon  developed 
in  its  substance  which  may  be 
easily  detected,  even  in  the  human 
fcetus,  during  the  Litter  half  of 
gestation.  At  the  period  of  birth, 
however,  or  soon  aflerward,  these  i"''*'"  "'"*""  *'^*^^*'"'"' 
muscular  fibres  disappear  and  can  f  on  x  -piTiiiiri  in  itn  »thor'>  iwhuioh.— 
no  lonMr  be  recognized.  i  ^ ,  l'''''''7"„  ,*■  *"  "''','''""  ^,"','"'  „^ '" 

All  that  portion  of  the  excre- 
tory tube  of  the  testicle  which  is  situated  outside  the  crossing  of  the 
gubernaculum,  is  destined  to  become  afterward  convoluted,  and 
converted  into  the  epidliiymis.  That  portion  which  is  situated  in- 
side the  same  point  remains  comparatively  straight,  but  becomes 
considerably  elongated,  and  is  finally  known  as  the  vaa  deferens. 

As  the  testicles  descend  still  farther  in  the  abdomen,  they  con- 
tinue to  grow,  while  the  Wolffian  bodies,  on  the  contrary,  diminish 
rapidly  in  size,  until  the  latter  become  much  smaller  than  the  tes- 
ticles ;  and  at  last,  when  the  testicles  have  arrived  at  the  internal 
inguinal  ring,  the  Wolffian  bodies  have  altogether  disappeared,  or 
at  least  have  become  so  much  altered  that  their  characters  are  no 
longer  recognizable.  In  the  human  fcetus,  the  testicles  arrive  at 
the  internal  inguinal  ring,  about  the  termination  of  the  sixth  month 
(Wilson). 

During  the  succeeding  month,  a  protrusion  of  the  peritoneum 
takes  place  through  the  inguinal  canal,  in  advance  of  the  testicle; 
while  th^  last  named  organ  still  continues  its  descent.  As  it  then 
passes  downward  into  the  scrotum,  certain  muscular  fibres  are  given 
off  from  the  lower  border  of  the  internal  oblique  muscle  of  the 
abdomen,  growing  downward  with  the  testicle,  in  such  a  manner  as 
Xa  form  a  series  of  loops  upon  it,  and  upon  the  alongating  spermatic 
cord.     These  loops  constitute  afterward  the  cremaater  trnuck. 


rKVKLOPMENT  OF  THB  K1DSEY8. 


f  the  scrotai^^^ 


I 


Al  last,  the  testicles  descend  fairly  to  the  bottom  of  the 
the  gubemaculum  constantly  shortening,  and  the  vas  deferens 
elongating  as  it  proceeda.  The  convoluted  portion  of  the  efferent 
duct,  viz.,  the  epididymis,  then  remaina  closely  attached  to  the  body 
of  the  testicle;  while  the  vas  deferens  passes  upward,  in  a  reverse 
direcUon,  enters  the  abdomen  through  the  inguinal  canal,  again 
bcnda  downward,  and  joins  its  fellow  of  the  opposite  side ;  after 
which  they  both  open  into  the  prostatic  portion  of  the  urethra  by 
distinct  orifices,  situated  on  each  side  the  median  line,  Al  the 
same  time,  two  diverticula  arise  from  the  median  portion  of  the 
vasa  deferentia,  and,  elongating  in  a  backward  direction,  underneath 
the  base  of  the  bladder,  become  developed  into  two  compound 
sacculated  reservoirs — the  veskulte  sr^minales. 

The  left  teaticle  is  a  little  later  in  its  descent  than  the  right,  but 
it  afterward  passes  farther  into  the  scrotum,  and,  in  the  adult  condi- 
tion, usually  hangs  a  little  lower  than  its  fellow  of  the  opposite  side. 
After  the  teaticle  has  fairly  passed  into  the  scrotum,  the  serous 
pouch,  which  preceded  its  descent,  remains  for  a  time  in  communi- 
cation with  the  peritoneal  cavity.  In  many  of  the  lower  animals, 
as,  for  example,  the  rabbit,  this  condition  is  permanent;  and  the 
testicle,  even  in  the  adult  animal,  may  be  alternately  drawn  down- 
ward into  the  scrotum,  or  retracted  into 
the  abdomen,  by  the  action  of  the  guber- 
naculum  and  thecremaater  muscle.  But 
in  the  human  fottus,  the  two  opposite 
surfaces  of  the  peritoneal  pouch,  covering 
the  testicle,  approach  each  other  at  the 
inguinal  canal,  forming  at  that  point  a 
constriction  or  neck,  which  partly  shuts 
oft'  the  testicle  from  the  cavity  of  the 
abdomen.  By  a  continuation  of  this  pro- 
cess, the  serous  surfaces  come  actually 
Fonmien  of  Tcsiot  V*-  in  Contact  with  each  other,  and,  adheriog 
B>«Mr  ■(  iiic  hodou  or  ihs  Hro-  together  at  this  situation  (Fig.  260,  *), 
Inn.  1  c*Tii7ofinuinTMii»ii>-  form  &  kind  of  cieatiTx,  or  umbilicus,  br 
■i>4  D«k  of  pttiiuuui  uc.  the  complete  closure  and  consolidation  of 

which  the  cavity  of  the  tunica  vaginalis 
(»)  is  finally  shut  off  altogether  from  the  general  cavity  of  the 
peritoneum  (a).  The  tunica  vaginalis  testis  is,  therefore,  originally 
a  part  of  the  peritoneum,  from  which  it  is  subsequently  separated 
by  the  process  just  described. 
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i  separation  of  the  tunica  vagmalia  from  tbe  peritoneum  is 
usually  completed  in  the  human  subject  before  birth.  But  some- 
times it  fails  to  take  place  at  the  projjer  time,  and  tbe  intestine  is 
then  apt  to  protrude  into  the  scrotum,  in  front  of  the  spermatic 
cord,  giving  rise,  in  this  way,  to  a  cmgeniud  imjmnal  iteniia.  (Fig. 
251.)  The  parts  implicated,  however,  in  this  malformation,  have 
still,  as  in  the  case  of  congenital  umbili- 
cal hernia,  a  tendency  to  unite  with  each 
other  and  obliterate  the  unnatural  open- 
ing; and  if  the  intestine  be  retained  by 
pressure  in  the  cavilj'  of  the  abdomen, 
cicatrization  usually  takes  place  at  tbe 
inguinal  canal,  and  a  cure  is  effected. 

The  descent  of  the  testicle,  above  de- 
scribed, ia  not  accomplished  by  the  forci- 
ble traction  of  the  muscular  fibres  of  the 
gubernaculum,  as  has  been  described  by 
certain  writers,  but  by  a  simple  process  coi>uh..tili.oui.*i.heii- 
of  growth  taking  place  in  different  parts,  ,!„,." 
in    different    directions,    at     successive 

periods  of  fojtal  life.  The  gubernaculum,  accordingly,  has  no 
proper  function  as  a  muscular  organ,  in  the  human  subject,  but  is 
merely  the  anatomical  vestige,  or  analogue,  of  a  corresponding 
muscle  in  certain  of  the  lower  animals,  where  it  has  really  an 
important  function  to  perform.  For  in  them,  as  we  have  already 
mentioned,  both  the  gubernaculum  and  the  cremaster  remain  fully 
developed  in  the  adult  condition,  and  are  then  employed  to  elevate 
and  depress  the  testicle,  by  the  alternate  coutraotion  of  their  mus- 
cular fibres. 

Femah  Organs  of  Generation. — At  an  early  period,  as  we  have 
mentioned  above,  the  ovaries  have  the  same  external  appearance, 
and  occupy  the  same  position  in  the  abdomen,  as  the  testicles  in  the 
opposite  sex.  The  descent  of  the  ovaries  also  takes  place,  to  a  great 
e.xtent,  in  the  same  manner  with  the  descent  of  the  testicles.  When, 
in  the  early  part  of  this  descent,  they  have  reached  the  level  of  the 
lower  edge  of  the  kidneys,  a  cord,  analogous  to  the  gubernaculum, 
may  be  seen  proceeding  from  their  lower  extremity,  crossing  the 
efferent  duct  on  each  side,  and  passing  downward,  to  be  attached 
to  the  subcutaneous  tissues  at  the  situation  of  the  inguinal  ring. 
That  part  of  the  duct  situated  outside  the  crossing  of  this  cord. 
becomes  afterward  convoluted,  and  is  converted  into  the  Fatloiiic 
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tuhe;  while  that  point  which  is  inside  the  same  point,  becomes  con* 
verted  into  the  lUeriu.  The  upper  portion  of  the  cord  itself  becomes 
the  liyamenL  of  the  ovary  ;  its  lower  portion,  the  round  ligamefU  of 
iheiUervs. 

As  the  ovaries  continae  their  descent,  they  pass  below  and  be- 
hind the  Fallopian  tubes,  which  necessarily  perform  at  the  same 
time  a  movement  of  rotation,  from  before  backward  and  from 
above  downward ;  the  whole,  together  with  the  ligaments  of  the 
ovaries  and  the  round  ligaments,  being  enveloped  in  double  folds 
of  peritoneum,  which  enlarge  with  the  growth  of  the  parts  them- 
selves, and  oonstitnte  finally  the  brocui  ligaments  of  tlie  tUenu. 

It  will  be  seen  from  what  has  been  said  above,  that  the  situation 
occupied  by  the  Wolffian  bodies  in  the  female  is  always  the  space 
between  the  ovaries  and  the  Fallopian  tubes;  for  the  Wolffian 
bodies  accompany  the  ovaries  in  their  descent,  just  as,  in  the  male, 
they  accompany  the  testicles.  As  these  bodies  now  become  grad- 
ually atrophied,  their  glandular  structure  disappears  altogether; 
but  their  bloodvessels,  in  many  instances,  remain  as  a  convoluted 
vascular  plexus,  occupying  the  situation  above  mentioned.  The 
Wolffian  bodies  may  therefore  be  said,  in  these  instances,  to  un- 
dergo a  kind  of  vascular  degeneration.  This  peculiar  degeneration 
is  quite  evident  in  the  Wolffian  bodies  of  the  foetal  pig,  some  time 
before  'the  organs  have  entirely  lost  their  original  form.  In  the 
cow,  a  collection  of  convoluted  bloodvessels  may  be  seen,  even  in 
the  adult  condition,  near  the  edge  of  the  ovary,  and  between  the 
two  folds  of  peritoneum  forming  the  broad  ligament.  These  are 
undoubtedly  vestiges  of  the  Wolffian  bodies,  which  have  undergone 
the  vascular  degeneration  above  described. 

While  the  above  changes  are  taking  place  in  the  adjacent  organs, 
the  two  lateral  halves  of  the  uterus  fuse  with  each  other  more  and 
more  upon  the  median  line,  and  become  covered  with  an  exces- 
sively developed  layer  of  muscular  fibres.  In  the  lower  animals, 
the  uterus  remains  divided  at  its  upper  portion,  running  out  into 
two  long  conical  tubes  or  cornua  (Fig.  182),  presenting  the  form 
known  as  the  ntenia  hicornis.  In  the  human  subject,  however,  the 
fusion  of  the  two  lateral  halves  of  the  organ  is  nearly  complete; 
so  that  the  uterus  presents  externally  a  rounded,  but  somewhat 
flattened  and  triangular  figure  (Fig.  183),  with  the  ligaments  of  the 
ovary  and  the  round  ligaments  passing  off  from  its  superior  angles. 
But,  internally,  the  cavity  of  the  organ  still  presents  a  strongly 
marked  triangular  form,  the  vestige  of  its  original  division. 
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Occasionally  tbe  human  ntenis,  even  in  the  adult  condition,  re- 
mains divided  into  two  lateral  portions  by  a  vertical  septum,  which 
runs  from  the  middle  of  its  fundus  downward  toward  the  os  in- 
ternum. This  septum  may  even  be  accompanied  by  a  partial 
external  division  of  the  organ,  corresponding  with  it  in  direction 
and  producing  the  malformation  known  as  ''uterus  bicomis."  or 
•*  double  uterus." 

The  OS  internum  and  os  externum  are  produced  by  partial  con- 
strictions of  the  original  generative  passage ;  and  the  anatomical 
distinctions  between  the  body  of  the  uterus,  the  cervix  and  the 
vagina,  are  produced  by  the  different  development  of  the  mucous 
membrane  and  muscular  tunic  in  its  corresponding  portions. 
During  foetal  life,  however,  the  neck  of  the  uterus  grows  much 
&ster  than  its  body;  so  that,  at  the  period  of  birth,  the  entire 
organ  is  very  far  from  presenting  the  form  which  it  exhibits  in  the 
adult  condition.  In  the  human  foetus  at  term,  the  cervix  uteri 
constitutes  nearly  two-thirds  of  the  entire  length  of  the  organ; 
while  the  body  forms  but  little  over  one-third.  The  cervix,  at 
this  time,  is  also  much  larger  in  diameter  than  the  body ;  so  that 
the  whole  organ  presents  a  tapering  form  from  below  upward. 
The  arbor  vitae  uterina  of  the  cervix  is  at  birth  very  fully  de- 
veloped, and  the  mucous  membrane  of  the  body  is  also  thrown 
into  three  or  four  folds  which  radiate  upward  from  the  os  internum. 
The  cavity  of  the  cervix  is  filled  with  a  transparent  semi-solid 
mucus. 

The  position  of  the  uterus  at  birth  is  also  different  from  that 
which  it  assumes  in  adult  life ;  nearly  the  entire  length  of  the  organ 
being  above  the  level  of  the  symphysis  pubis,  and  its  inferior 
extremity  passing  below  that  point  only  by  about  a  quarter  of  an 
inch.  It  is  also  slightly  anteflexed  at  the  junction  of  the  body  and 
cervix.  After  birth,  the  uterus,  together  with  its  append^es,  con- 
tinues to  descend ;  until,  at  the  period  of  puberty,  its  fundus  is 
situated  just  below  the  level  of  the  symphysis  pubis. 

The  ovaries  at  birth  are  narrow  and  elongated  in  form.  They 
contain  at  this  time  an  abundance  of  eggs;  each  inclosed  in  a 
Oraafian  follicle,  and  averaging  9) ^  of  an  inch  in  diameter.  Tlie 
vitellus,  however,  is  imperfectly  formed  in  most  of  them,  and  in 
some  is  hardly  to  be  distinguished.  The  Graafian  follicle  at  this 
period  envelopes  each  egg  closely,  there  being  nothing  between  its 
internal  surface  and  the  exterior  of  the  egg,  excepting  the  thin 
layer  of  cells  forming  the  "membrana  granulosa."     Inside  this 


664  DSVfiLOPMENT   OF   THE    KIDNKT8,  XTO. 

layer  is  to  be  seen  the  germinative  vesicle,  with  the  germinatiye 
spot,  surrounded  by  a  faintly  granular  yitellus,  more  or  less 
abundant  in  different  parts.  Some  of  the  Graafian  follicles  con- 
taining eggs  are  as  large  as  j^jf  of  an  inch ;  others  as  small  as  th^i v* 
In  the  very  smallest,  the  cells  of  the  membrana  granulosa  appear 
to  fill  entirely  the  cavity  of  the  follicle,  and  no  vitellus  or  germina- 
tive vesicle  is  to  be  seen. 
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CHAPTER  XVII. 

DEVELOPMENT    OP   THE    CIRCULATORY 

APPARATUS. 

There  are  three  distinct  forms  or  phases  of  development  assumed 
by  the  circulatory  system  daring  different  periods  of  life.  These 
different  forms  of  the  circulation  are  intimately  connected  with  the 
manner  in  which  nutrition  and  respiration,  or  the  renovation  of  the 
blood,  are  accomplished  at  difierent  epochs ;  and  they  follow  each 
other  in  the  progress  of  development,  as  different  organs  are  em- 
ployed in  turn  to  accomplish  the  above  functions.  The  first  form 
is  that  of  the  vitelline  circulation^  which  exists  at  a  period  when  the 
vitellus,  or  the  umbilical  vesicle,  is  the  sole  source  of  nutrition  for 
the  foetus.  The  second  is  the  placental  circulation,  which  lasts 
through  the  greater  part  of  foetal  life,  and  is  characterized  by  the 
existence  of  the  placenta ;  and  the  third  is  the  complete  or  adult 
circulation,  in  which  the  renovation  and  nutrition  of  the  blood  are 
provided  for  by  the  lungs  and  the  intestinal  canal. 

First,  or  Vitelline  Circulation. — It  has  already  been  shown,  in  a 
previous  chapter,  that  when  the  body  of  the  embryo  has  begun  to 
be  formed  in  the  centre  of  the  blastodermic  membrane,  a  number 
of  bloodvessels  shoot  out  from  its  sides,  and  ramify  over  the 
remainder  of  the  vitelline  sac,  forming,  by  their  inosculation,  an 
abundant  vascular  plexus.  The  area  occupied  by  this  plexus  in  the 
blastodermic  membrane  around  the  foetus  is,  as  we  have  seen,  the 
"  area  vasculosa."  In  the  egg  of  the  fowl  (Fig.  252),  the  plexus  is 
limited,  on  its  external  border,  by  a  terminal  vein  or  sinus — the 
"sinus  terminalis;"  and  the  blood  of  the  embryo,  afler  circulating 
through  the  capillaries  of  the  plexus,  returns  by  several  venous 
branches^  the  two  largest  of  which  enter  the  body  near  its  anterior 
and  posterior  extremities.  The  area  vasculosa  is,  accordingly,  a 
vascular  appendage  to  the  circulatory  apparatus  of  the  embryo, 
spread  out  over  the  surface  of  the  vitellus  for  the  purpose  of  absorb- 
ing from  it  the  nutritious  material  requisite  for  the  growth  of  the 
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newly-formed  tissues.    In  the  egg  of  the  fish  (Fig.  253),  the  prim 

pal  vein  is  seen  passing  up  in  front  underneath  the  head ;  while  the 
arteries  emerge  all  along  the  lateral  edges  of  the  body.     The  entire 


Fig.  2S2. 
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vitellua,  in  thia  way,  becomes  covered  with  an  abundant  vascolar 
network,  connected  with  the  internal  circulation  of  the  foetas  by 
arteries  and  veins. 

Very  soon,  as  the  embryo  and  the  entire  egg  increase  in  size, 
there  are  two  arteries  and  two  veins  which  become 
larger  than  the  others,  and  which  subsequently 
do  the  whole  work  of  conveying  the  blood  of 
the  foetus  to  and  from  the  area  vosculosa.  These 
two  arteries  emerge  from  the  lateral  edges  of 
the  foetus,  on  the  right  and  left  sides;  while  the 
two  veins  re-enter  at  about  the  same  point,  and 
nearly  parallel  with  them.  These  four  v^sels  are 
Kon  nr  rr*ii  (j.r.  ii^Qa  termed  the  omphalo-viesetUeric  arleriet  and 
Uuc'KuutLuu.  veim. 

'  The  arrangement  of  the  circulatory  apparatus 
in  the  interior  of  the  body  of  the  foetus,  at  this  time,  is  as  follows : 
The  heart  is  situated  at  the  median  line,  just  beneath  the  head  and 
in  front  of  the  otsophagus.  It  receives  at  its  lower  extremity  the 
trunks  of  the  two  ompbalo-mesenteric  veins,  and  at  its  opper 
extremity  divides  into  two  vessels,  which,  arching  over  backward. 
attain  the  anterior  surface  of  the  vertebral  column,  and  then  run 
\  above  downward   along   the   spine,  quite   to   the   pc 
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^^^estremity  of  the  fcelus.      Tlieae  arteries  are  called  tbe  verkbral       ^^| 
arl'trieg,  on  account  of  their  course  and  situation,  running  parallel        ^^^| 
with  the  vertebral  column.     They  give  of^  throughout  their  course,        ^^| 
many  small  lateral  branchea.  which  supply  the  body  of  the  foetus,        ^^| 
and  also  two  larger  branches — the  omphulo-mesenteric  arteries —       ^^^| 
which  pass  out,  as  above  described,  into  the  area  vasculosa.     The        ^^^| 
two  vertebral  arteries  remain  separate  in  the  upper  part  of  the  body,        ^^| 
but  soon  fuse  with  each  other  a  little  below  the  level  of  the  heart ;        ^^| 
so  that,  below  this  point,  there  remains  afterward  but  one  large        ^^| 
artery,  the  abdominal  aorta,  running  from  above  downward  along        ^^H 
the  median  line,  giving  off  the  omphalo- mesenteric  arteries  to  the        ^^| 
area  vasculosa,  and  supplying  smaller  branches  to  the  body,  the        ^^| 
walls  of  the  intestine,  and  the  other  organs  of  the  foetus.                           ^^| 

The  above  description  shows  the  origin  and  formation  of  the  first        ^^| 
or  viU'lline  circulation.     A  change,  however,  now  begins  to  take        ^^| 
place,  by  which  the  vitellns  is  superseded,  as  an  organ  of  nutrition,        ^^| 
by  the  placenta,  which  takes  its  place ;  and  the  second  or  jilacenlal        ^^| 
circulation  becomes  established  in  the  following  manner ; —                     ^^| 

Sfcmd  Ci>ew?a(f'o7i.— After  the  umbilical  vesicle  has  been  formed        ^^| 
by  the  process  already  described,  a  part  of  the  vilellus  remains  in-        ^^H 
eluded  in  it,  while  the  rest  is  retainwl  in  the  abdomen  and  inclosed        ^^H 
in  the  intestinal  canal.    As  these 
twoorKans(umbiIicaI  vesicle  and                          ^8-  ''**• 

intestine)  are  originally  parts  of 
the  same  vitellinosac,  they  remain 
supplied   by  the  same  vascular 
system. viz:  theomphalo-mesen- 

terio  vessels.  Those  which  remain 
within  the  abdomen  of  the  foetus 
supply  the  mesentery  and  intes- 
tine; but  the  larger  trunks  pass 
outward,  and  ramify  upon    the 
walls  -f  the    umbilical  vesicle. 
(Fig.  254.)     At   first,  there  are. 
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single  vein,  connectiug  the  internal  and  extenial  portions  of  t 
vitelline  circulation. 

The  vessels  belonging  to  this  system  are  therefore  called  the 
omphalo-mesenterio  vessels,  because  a  part  of  them  (ompLalia  ves- 
sels) pass  outward,  by  the  umbilicus,  or  "  omphalos."  to  the  umbili- 
cal vesicle,  while  the  remainder  (mesenteric  vessels)  ramify  upon 
the  mesentery  and  the  intestine. 

At  first,  the  circulation  of  the  umbilical  vesicle  is  more  import- 
ant  than  that  of  the  intestine;  and  the  omphalic  arlery  and  vein 
appear  accordingly  as  large  trunks,  of  which  the  mesenteric  ves- 
sels are  simply  small  branches,  (Fig.  254.)  Afterward,  however, 
the  intestine  rapidly  enlarges,  while  the  umbilical  vesicle  dimi- 
niahea,  and  the  proportions  existing  between  the  two  sets  of  vea 
are  therefore  reversed.  (Fig.  255.)     The  mesenteric  vessels  t 

Fig.  2i5. 


come  to  be  the  principal  trunks,  while  the  omphalic  vessels  I 
simply  minute  branches  running  out  along  the  slender  cord  of  tl 
umbilical  vesicle,  and  ramifying  in  a  few  scanty  twigs  upon  ] 
surface. 
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In  the  mean  time,  the  allantois  is  formed  by  a  protrusion  from 
the  lower  extremity  of  the  intestine,  which,  carrying  with  it  two 
arteries  and  two  veins,  passes  out  by  the  anterior  opening  of  the 
body,  and  comes  in  contact  with  the  external  membrane  of  the  ' 
egg.  The  arteries  of  the  allantois,  which  are  termed  the  umbilical 
arteries,  are  supplied  by  branches  of  the  abdominal  aorta ;  the  um- 
bilical veins,  on  the  other  hand,  join  the  mesenteric  veins,  and 
empty  with  them  into  the  venous  extremity  of  the  heart.  As  the 
umbilical  vesicle  diminishes,  the  allantois  enlarges ;  and  the  latter 
soon  becomes  converted,  in  the  human  subject,  into  a  vascular 
chorion,  a  part  of  which  is  devoted  to  the  formation  of  the  placenta. 
(Fig.  255.)  As  the  placenta  soon  becomes  the  only  source  of  nutri- 
tion for  the  foetus,  its  vessels  are  at  the  same  time  very  much 
increased  in  size,  and  preponderate  over  all  the  other  parts  of  the 
circulatory  system.  During  the  early  periods  of  the  formation  of 
the  placenta,  there  are,  as  we  have  stated  above,  two  umbilical 
arteries  and  two  umbilical  veins.  But  subsequently  one  of  the 
veins  disappears,  and  the  whole  of  the  blood  is  returned  to  the  body 
of  the  foetus  by  the  other,  which  becomes  enlarged  in  proportion. 
For  a  long  time  previous  to  birth,  therefore,  there  are  in  the  umbili- 
cal cord  two  umbilical  arteries,  and  but  a  single  umbilical  vein. 

Such  is  the  second,  or  placental  circulation.  It  is  exchanged,  at 
the  period  of  birth,  for  the  third  or  aduU  circulation,  in  which  the 
blood  which  had  previously  circulated  through  the  placenta,  is 
diverted  to  the  lungs  and  the  intestine.  These  are  the  organs 
upon  which  the  whole  system  afterward  depends  for  the  nourish- 
ment and  renovation  of  the  blood. 

During  the  occurrence  of  the  above  changes,  certain  other  altera- 
tions take  place  in  the  arterial  and  venous  systems,  which  will  now 
require  to  be  described  by  themselves. 

Development  of  the  Arterial  System. — At  an  early  period  of  deve- 
lopment, as  we  have  shown  above,  the  principal  arteries  pass  off 
from  the  anterior  extremity  of  the  heart  in  two  arches,  which  curve 
backward  on  each  side,  from  the  front  of  the  body  toward  the 
vertebral  column,  after  which  they  again  become  longitudinal  in 
direction,  and  receive  the  name  of  ''vertebral  arteries."  Very  soon 
these  arches  divide  successively  into  two,  three,  four,  and  five 
secondary  arches,  placed  one  above  the  other,  along  the  sides  of 
the  neck.  (Fig.  256.)  These  are  termed  the  cervical  arches.  In  the 
fish,  these  cervical  arches  remain  permanent,  and  give  off  from  their 
convex  borders  the  branchial  arteries,  in  the  form  of  vascular  tufts, 
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to  the  gills  on  each  side  of  the  neok ;  but  in  the  homaa  subject  and 
the  quadrupeds,  the  branchial  tufts  are  never  developed,  and  the 
oervical  arcbee,  as  well  as  the  trunks  with  which  they  are  con- 
nected, become  modified  bj  &e  progress  of  development  in  the 
following  manner: — 


Fig.  2CS. 


Fig.  2S7. 


xlow   the   bHrl 


The  two  ascending  arterial  trunks  on  the  anterior  part  of  the 
neck,  from  which  the  cervical  arches  are  given  o£E|  become  con- 
verted into  the  carotids.  (Fig,  257,  i,  i.)  The  fifth,  or  uppermost 
cervical  arch,  remains  at  the  base  of  the  brain  as  the  inosculation, 
through  the  circle  of  Willis,  between  the  internal  carotids  and  the 
basilar  artery,  which  is  produced  by  the  union  of  the  two  verte- 
brals.  The  next,  or  fourth  cervical  arch,  may  be  recognized  in  an 
inosculation  which  is  said  to  be  very  constant  between  the  superior 
thyroid  arteries,  branches  of  the  carotids,  and  the  inferior  thyroids, 
which  come  from  the  subclavians  at  nearly  the  same  point  from 
which  the  vertebrals  are  given  off.  The  next,  or  third  oervical  arch, 
remains  on  each  side,  as  the  subclavian  artery  {*,  t).    This  vessel, 
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though  at  first  a  mere  branch  of  communication  between  the  caro* 
tid  and  the  vertebral,  has  now  increased  in  size  to  such  an  extent 
that  it  has  become  the  principal  trunk,  from  which  the  vertebral 
itself  is  given  off  as  a  small  branch.  Immediately  below  this  point 
of  intersection,  also,  the  vertebral  artery  diminishes  very  much  in 
relative  size,  loses  its  connection  with  the  abdominal  aorta,  and 
supplies  only  the  first  two  intercostal  spaces,  under  the  name  of  the 
superior  intercostal  artery  (4,4).  The  second  cervical  arch  becomes 
altered  in  a  very  different  manner  on  the  two  opposite  sides.  On 
the  left  side,  it  becomes  enormously  enlarged,  so  as  to  give  off,  as 
secondary  branches,  all  the  other  arterial  trunks  which  have  been 
described,  and  is  converted  in  this  manner  into  the  arch  of  the 
aorta  (ft).  On  the  right  side,  however,  the  corresponding  arch  (e) 
becomes  smaller  and  smaller,  and  at  last  altogether  disappears ;  so 
that,  finally,  we  have  only  a  single  aortic  arch,  projecting  to  the 
left  of  the  median  line,  and  continuous  with  the  thoracic  and  abdo- 
minal aorta. 

The  first  cervical  arch  remains  during  foetal  life  upon  the  left 
side,  as  the  "  ductus  arteriosus,"  presently  to  be  described.  In  the 
adult  condition,  however,  it  has  disappeared  equally  upon  the  right 
and  left  sides.  In  this  way  the  permanent  condition  of  the  arterial 
circulation  is  gradually  established  in  the  upper  part  of  the  body. 

Corresponding  changes  take  place,  however,  during  the  same 
time,  in  the  lower  part  of  the  body.  Here  the  abdominal  aorta 
runs  undivided,  upon  the  median  line,  quite  to  the  end  of  the 
spinal  column;  giving  .off  on  each  side  successive  lateral  branches, 
which  supply  the  intestine  and  the  parietes  of  the  body.  When 
the  allantois  begins  to  be  developed,  two  of  these  lateral  branches 
accompany  it,  and  become,  consequently,  the  umbilical  arteries. 
These  two  vessels  increase  so  rapidly  in  size,  that  they  soon  appear 
as  divisions  of  the  aortic  trunk ;  while  the  original  continuation  of 
this  trunk,  running  to  the  end  of  the  spinal  column,  appears  only 
as  a  small  branch  given  off  at  the  point  of  bifurcation.  When  the 
lower  limbs  begin  to  be  developed,  they  are  supplied  by  two  small 
branches,  given  off  from  the  umbilical  arteries  near  their  origin. 

Up  to  this  time  the  pelvis  and  posterior  extremities  are  but 
slightly  developed.  Subsequently,  however,  they  grow  more 
rapidly,  in  proportion  to  the  rest  of  the  body,  and  the  arteries 
which  supply  them  increase  in  a  corresponding  manner.  That 
portion  of  the  umbilical  arteries,  lying  between  the  bifurcation  of 
the  aorta  and  the  origin  of  the  branches  going  to  the  lower  ex* 
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tremities,  becomes  the  common  iliacs,  which  in  their  turn  afterward 
divide  into  the  umbilical  arteries  proper,  and  the  femorals.  Sub- 
sequently; by  the  continued  growth  of  the  pelvis  and  lower 
extremities,  the  relative  size  of  their  vessels  is  still  further  in- 
creased ;  and  at  last  the  arterial  system  in  this  part  of  the  body 
assumes  the  arrangement  which  belongs  to  the  latter  periods  of 
gestation.  The  aorta  divides,  as  before,  into  the  two  common  iliacs. 
These  also  divide  into  the  external  iliacs,  supplying  the  lower  ex* 
tremities,  and  the  internal  iliacs,  supplying  the  pelvis;  and  this 
division  is  so  placed  that  the  umbilical  or  hypogastric  arteries  arise 
from  the  internal  iliacs,  of  which  they  now  appear  to  be  secondary 
branches. 

After  the  birth  of  the  foetus,  and  the  separation  of  the  placenta, 
the  hypogastric  arteries  become  partially  atrophied,  and  are  con- 
verted, in  the  adult  condition,  into  solid,  rounded  cords,  running 
upward  toward  the  umbilicus.  Their  lower  portion,  however, 
remains  pervious,  and  gives  oflf  arteries  supplying  the  urinary 
bladder.  The  obliterated  hypogastric  arteries,  therefore,  the  rem- 
nants of  the  original  umbilical  or  allantoic  arteries,  run  upward 

from  the  internal  iliacs  along  the  sides  of  the 
Fig.  258.  urinary  bladder,  which  is  the  remnant  of  the  ori- 

ginal allantois  itself.  The  terminal  continuation 
of  the  original  abdominal  aorta,  is  the  arteria 
sacra  media,  which,  in  the  adult,  runs  downward 
on  the  anterior  surface  of  the  sacrum,  supplying 
branches  to  the  rectum  {ind  the  anterior  sacral 
nerves. 

Development  of  the  Venous  System. — According 
to  the  observations  of  M.  Coste,  the  venous  system 
at  first  presents  the  same  simplicity  and  symmetry 
with  the  arterial.  The  principal  veins  of  the 
body  consist  of  two  long  venous  trunks,  the  ver- 
tebral veins  (Fig.  258),  which  run  along  the  sides 
of  the  spinal  column,  parallel  with  the  vertebral 
arteries.  They  receive  in  succession  all  the  inter- 
costal veins,  and  empty  into  the  heart  by  two 
lateral  trunks  of  equal  size,  the  canals  of  Cuvier. 
When  the  inferior  extremities  become  developed, 
their  two  veins,  returning  from  below,  join  the 
vertebral  veins  near  the  posterior  portion  of  the 
body ;   and,  crossing  them,  afterward  unite  with  each  other,  thus 
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oonstitating  another  vein  of  new  formation 
(Fig.  259,  a),  which  rung  upward  a  little  to  the 
right  of  the  median  line,  and  emptiea  by  itsell 
into  the  lower  extremity  of  the  heart.  The 
two  branches,  by  means  of  which  the  veins 
the  lower  extremities  thus  nnit^  become  after- 
ward,  by  enlargement,  the  common  iliao  veins: 
while  the  single  trunk  (a)  resulting  from  their 
union  becomes  the  vena  catxt  in/erwr.  Subse- 
quently, the  vena  cava  inferior  becomes  ver 
much  larger  than  the  vertebral  veins;  and  its 
two  branches  of  bifurcation  are  afterward  re- 
presented by  the  tWo  iliacs. 

Above  the  level  of  the  heart,  the  vertebral 
and  intercostal  veins  retain  their  relative  size 
until  the  development  of  the  superior  extremi- 
ties has  commenced.  Then  two  of  the  inter- 
costal veins  increase  in  diameter  (Fig.  259),  and 
become  converted  into  the  right  and  lefb  sub- 
da  vians  ;  while  those  portions  of  the  vertebral 
veins  situated  above  the  subclavians  become  the 
right  and  left  jugulars.  Just  below  the  junction 
of  the  juguliurs  with  the  subclavians,  a  small 
branch  of  communication  now  appears  between 
thetwovertebrals(Fig.259,£)^  passing  over  from 
left  to  right,  and  emptying  into  the  right  verte- 
bral rein  a  little  above  the  level  of  the  heart ;  so 
that  a  part  of  the  blood  coming  from  the  left  side 
of  the  head,  and  the  left  upper  extremity,  still 
passes  down  the  left  vertebral  vein  to  the  heart 
upon  its  own  side,  while  a  part  crosses  over  by 
the  communicating  branch  (b\  and  is  finally 
conveyed  to  the  heart  by  the  Tight  descending 
vertebral.  Soon  afterward,  this  branch  of  com- 
munication enlarges  so  rapidly  that  it  prepon- 
derates altogether  over  the  left  superior  verte- 
bral vein,  from  which  it  originated  (Fig.  260), 
and,  servingthen  to  convey  all  the  blood  coming 
fVom  the  left  side  of  the  head  and  left  upper 
extremity  over  to  the  right  side  above  the  heart, 
it  becomes  the  left  vena  innominata. 
43 
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On  the  left  aide,  that  portion  of  the  superior  vertebral  vein,  wl 
is  below  the  subclaviaD,  remains  as  a  small  branch  of  the  vena 
Qorainata,  receiving  the  six  or  seven  upper  intercostal  veins;  wl 
on  the  right  side  it  becomes  e:xcesfiively  enlarged,  receiving 
hlood  of  both  jugulars  and  both  snbolavians,  and  is  converted 
the  vena  cava  superior. 

The  left  canal  of  Cuvier,  by  which  the  left  vertebral  vein  at 
communicates  with  the  heart,  subsequently  becomes  atrophied  and 
disappears;  while  on  the  right  side  it  becomes  excessively  enlarged, 
and  forms  the  lower  extremity  of  the  vena  cava  superior. 

The  superior  and  inferior  venie  cavre,  accordingly,  do  not  cor- 
respond with  each  other  so  far  as  regards  their 
mode  of  origin,  and  are  not  to  be  regarded  as 
analogous  veins.  For  the  superior  vena  cava 
is  one  of  the  original  vertebral  veins ;  while 
the  inferior  vena  cava  is  a  totally  distinct  vein, 
of  new  formation,  resulting  from  the  union  of 
the  two  lateral  trunks  coming  from  the  infe- 
rior extremities. 

The  remainder  of  the  vertebral  veins  fini 
assume  the  condition  shown  in  Fig.  2G1,  whi 
is  the  complete  or  adult  form  of  the  venons 
circulation.  At  the  lower  part  of  the  abdomen, 
the  vertebral  veins  semi  inward  small  trans- 
verse branches,  which  communicate  with  the 
vena  cava  inferior,  between  the  points  at  which 
lliey  receive  the  intercostal  veins.  Thi 
branches  of  communication,  by  increasing 
size,  become  the  lumbar  veins  {i).  which, 
aduit  condition,  communicate  with  each  ot1 
iroDi  ht.tik.-i.  Ri^iit  by  arched  branches,  a  short  distance  to  the  side 
"«i*»rior's  3  Jo^au'  "^  ^^^  ^^""^  cava.  Above  the  level  of  the 
TciDt.  4,4.  Si.tMi.vUo  YHin«,  lumbar  arches,  the  vertebral  veins  retain  their 
niKMi"'*  L^^Ti.M.B'i'iii  o'''g'^^l  direction.  That  upon  the  right  side 
8.  v«.»  urBD.  in.jT.  s,  still  receives  all  the  right  intercostal  veins,  and 
iieH'"Bie«Mu'i''^cio  "'  hecomes  the  t«««  azyipj  major  (b).  It  also 
receives  a  small  branch  of  communication  from 
its  fellow  of  the  left  side  (Fig.  260,  c),  and  this  branch  soon  enlarges 
to  such  an  extent  as  to  bring  over  to  the  vena  azjgos  major  all  the 
blood  of  the  five  or  eix  lower  intercostal  veins  of  the  left  side^ 
becoming,  in  this  way,  the  vena  azygos  minor  (i>),     The  s 
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upper  intercostid  veins  on  the  left  side  still  empty,  as  before,  into 
their  own  vertebral  vein  (lo),  which,  joining  the  left  vena  innomi- 
nata  above,  is  known  as  the  superior  intercostal  vein.  The  left  canal 
of  Guvier  has  by  this  time  entirely  disappeared ;  so  that  all  the 
venous  blood  now  enters  the  heart  by  the  superior  or  the  inferior 
vena  cava.  But  the  original  vertebral  veins  are  still  continuous 
throughout,  though  very  much  diminished  in  size  at  certain  points ; 
since  both  the  greater  and  lesser  azygous  veins  inosculate  below 
with  the  superior  lumbar  veins,  and  the  superior  intercostal  vein 
also  inosculates  below  with  the  lesser  azygous,  just  before  it  passes 
over  to  the  right  side. 

There  are  still  two  parts  of  the  circulatory  apparatus,  the  deve- 
lopment of  which  presents  peculiarities  sufficiently  important  to 
be  described  separately.  These  are,  first,  the  liver  and  the  ductus 
venosus,  and  secondly,  the  heart,  with  the  ductus  arteriosus. 

Devehpment  of  the  Hepatic  Circulation  and  the  Ductus  Venosus. — 
The  liver  appears  at  a  very  early  period  in  the  upper  part  of  the 
abdomen,  as  a  mass  of  glandular  and  vascular  tissue,  which  is  deve- 
loped around  the  upper  portion  of  the 
omphalo-mesenteric  vein,  just  below  its  F»s-  2t>2. 

termination  ip  the  heart.  (Fig.  262.)  As 
soon  as  the  organ  has  attained  a  con- 
siderable size,  the  omphalo-mesenteric 
vein  (i)  breaks  up  in  its  interior  into  a 
capillary  plexus,  the  vessels  of  which 
unite  again  into  venous  trunks,  and  so 
convey  the  blood  finally  to  the  heart. 
The  omphalo-mesenteric  vein  below  the  Eariy  form  or  hbpatic  ctb- 
liver  then  becomes  the  portal  vein ;  while  ^r/;,' ,:"  ^'-  h:;^^^^" 
above  the  liver,  and  between  that  organ    «<«•'•   The  dottMi  une  thowt  tbe 

1.11...  •  ^t^  /»    situation  of    the  futare   umbilical 

and  the  hearty  it  receives  the  name  of  ^ein. 
the  hepatic  vein  (a).     The  liver,  accord- 
ingly, is  at  this  time  supplied  with  blood  entirely  by  the  portal  vein, 
coming  from  the  umbilical  vesicle  and  the  intestine ;  and  all  the 
blood  derived  from  this  source  must  pass  through  the  hepatic  cir- 
culation before  reaching  the  venous  extremity  of  the  heart. 

But  soon  afterward  the  allantois  makes  its  appearance,  and  be- 
comes rapidly  developed  into  the  placenta ;  and  the  umbilical  vein 
coming  from  it  joins  the  omphalo-mesenteric  vein  in  the  substance 
of  the  liver,  and  takes  part  in  the  formation  of  the  hepatic  capillary 
plexus.    As  the  umbilical  vesicle,  however,  becomes  atrophied,  and 
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the  intestine  also  remaina  inactive,  while  the  placenta  increases  in 
size  and  in  functional  importance,  a  time  soon  arrives  when  the 
liver  receives  more  blood  by  the  umbilical 
Fig.  263.  Yein  than  by  the  portal  vein.  (Fig.  263.) 

The  umbilical  vein  then  passes  into  the 
liver  at  the  longitudinal  fissure,  and  sup- 
plies the  left  lobe  entirely  with  its  own 
branches.     To  the  right  it  sends  off  a  large 
branch  of  communication,  which  opens  in- 
to the  portal  vein,  and  partially  supplies 
the  right  lube  with  umbilical  blood.     The 
liver  is  thus  supplied  with  blood  from  two 
toiiii«r»Jiin«n-~i,  porwitMn.    different  sources,  the  most  abundant  of 
%    D>bui«i  TrtB.   J.  H^p.11.    which  is  the  umbilical  vein;  and  all  the 
blood  entering  the  liver  circulates,  as  be- 
fore, through  its  capillary  vessels. 

But  we  have  already  seen  that  the  liver  is  much  larger,  in  pi 
portion  to  the  entire  body,  at  an  early  period  of  fcetal  life  than 
the  later  months.     In  the  fcetal  pig,  when  very  young,  it  amounts 
to  nearly  twelve  per  cent,  of  the 
*''e-  ^"-  weight  of  the  whole  Ijpdy ;  but  be- 

fore  birth  it  diminishes  to  seven,  six. 
and  even  three  or  four  per  cent.  For 
some  time,  therefore,  previona  to 
birth,  there  is  much  more  blood  re- 
turned from  the  placenta  than  is  re- 
quired for  the  capillary  circulnlion 
ofthe  liver.  Accordingly,  a  vascular 
duct  or  canal  is  formed  in  its  interior. 
by  which  a  portion  of  the  placental 
blood  is  carried  directly  through  the 
organ,  and  convoyed  to  the  heart 
without  having  passed  through  the 
UBbXr'.iB"V'L^f7'br«'cT'of"™bijf    ^epa^'"   capillaries.     This   duct   is 

u[  Tsln.      4.    Rlgbl  brueli  ot  Bnbllinl     Called  the  DnctliS  VenOBUS, 

T«iB.  i.  DociBi  TBOMot.  B.  Htpctio  Tho  ductus  vcuosus  Is  formod  bv » 
gradual  dilatation  of  one  of  the  he- 
patic capillaries  at  (»)  (Fig.  264),  which,  enlarging  excessively,  be- 
comes at  last  converted  into  a  wide  canal,  or  branch  of  communi- 
cation, passing  directly  from  the  umbilical  vein  below  to  the  hepatic 
vein  above.     The  circulation  through  the  liver,  thus  estabUshod,  ia 


Fig.  2(!G. 


DBTBLomBMT  OP  TBB  HKPATIC  CIBCULATION.      677 

as  follows :  A  certain  quaDtitj  of  venous  blood  still  eaters  throogb 
tbe  portal  vein  (i),  and  circulates  in  a  part  of  the  capillary  system 
of  the  right  lobe.  The  umbilical  vein  (3),  bringing  a  much  larger 
quantity  of  blood,  enters  the  liver  also,  a  little  to  tbe  lef^  and  tbe 
blood  whicb  it  contains  divides  into  three  principal  streams.  One 
of  them  passes  through  tbe  left  branch  (1)  into  tbe  capillaries  of  the 
left  lobe;  another  turns  off  through  the  right  branch  (i),  and,  join- 
ing tbe  blood  of  the  portal  vein,  circulates  through  tbe  capillaries 
of  the  right  lobe ;  while  tbe  third  passes  dir€)3tly  onvard  througb 
the  venous  duct  (*),  and  reaches  the  hepatic  vein  without  having 
passed  through  any  part  of  the  capillary  plexus. 

This  condition  of  the  hepatic  circulation  continaes  until  birth. 
At  that  time,  two  import&nt  changes  take  place.  First,  the  pla- 
cental circulation  is  altogether  cut  off;  and  secondly,  a  much  larger 
quantity  of  blood  than  before  begins 
to  circulate  through  the  lungs  and 
the  intestine.  The  superabundance 
of  blood,  previously  coming  from  the 
placenta,  is  now  diverted  into  the 
lungs ;  while  the  intestinal  canal,  en- 
tering upon  the  active  performance  of 
its  functions,  becomes  the  sole  source 
of  supply  for  the  hepatic  venous 
blood.  The  following  changes,  there- 
for^ take  place  at  birth  in  tbe  ves- 
sels of  the  liver.  (Fig.  266.)  First, 
the  umbilical  vein  shrivels  and  be- 
comes converted  into  a  solid  rounded 
cord  (a).  This  cord  may  be  seen,  in 
tbe  adult  condition,  running  fVom  the 
internal  surface  of  the  abdominal 
walls,  at  the  nmbilicua,  to  the  longi-     ""•  •"  ""  "biiienirf  d°ei»<  T<nHDi 

,,         ,    „  -    ,         ,.  T      ■         1  S.    IHpitHniB.      4.    L4ttl.tlll0h0flK.tUI 

tudiiuil  fissure  of  the  liver.    It  is  then     ^^ 
known  under  the  name  of  tbe  round 

ligament.  Secondly,  tbe  ductus  venosus  also  becomes  obliterated, 
and  converted  into  a  fibrous  cord.  Thirdly,  the  blood  entering  the 
liver  by  the  portal  vein  (1),  passes  off  by  its  right  branch,  as  before, 
to  the  right  lobe.  But  in  the  branch  (4),  the  course  of  the  blood  is 
reversed.  This  was  formerly  the  right  branch  of  the  umbilical 
vein,  its  blood  passing  in  a  direction  from  left  to  right.  It  now 
becomes  the  left  branch  of  tbe  portal  vein ;  and  its  blood  passes 
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from  right  to  left,  to  be  distributed  to  the  capillaries  of  the  left 

lobe. 

According  to  Dr.  Guy,  the  umbilical  vein  is  completely  closed  at 
the  end  of  the  fifth  day  after  birth. 

Development  of  the  Hearty  and  the  Ductus  Arteriosus. — When  the 
embryonic  circulation  is  first  established,  the  heart  is  a  simple  tubu- 
lar sac  (Fig.  266),  receiving  the  veins  at  its  lower  extremity,  and 
giving  off  the  arterial  trunks  at  its  upper  extremity.  By  the  pro- 
gress of  its  growth,  it  soon  becomes  twisted  upon  itself;  so  that  the 
entrance  of  the  veins,  and  the  exit  of  the  arteries,  come  to  be  placed 
more  nearly  upon  the  same  horizontal  level  (Fig.  267);  but  the 
entrance  of  the  veins  (i)  is  behind  and  a  little  below,  while  the  exit 
of  the  arteries  (2)  is  in  front  and  a  little  above.  The  heart  is,  at 
this  time,  a  simple  twisted  tube ;  and  the  blood  passes  through  it 
in  a  single  continuous  stream,  turning  upon  itself  at  the  point  of 
curvature,  and  passing  directly  out  by  the  arterial  orifice. 

Fig.  266.  Fig.  267.  Fig.  268. 


F(ETAL  Heart,  dirided 

Earliest  form  of  F<ET A L  F(BTAL    Hrart«  twisted  into  ritrht  and  left  caTities.— 

Heart.  —  1.  Venous  ex-       upon    itself. — 1.   Venous  ex-  1.     Venous    extremiij.      2. 

tremitx.     2.   Arterial  ex-        tremlty.      2.    Arterial  extre-  Arterial      extreniltj       3^  S. 

tremity.  mlty.  Pulmonary  branches. 

Soon  afterward,  this  single  cardiac  tube  is  divided  into  two  paral- 
lel tubes,  right  and  left,  by  a  longitudinal  partition,  which  grows 
from  the  inner  surface  of  its  walls  and  follows  the  twisted  course 
of  the  organ  itself.  (Fig.  268.)  This  partition,  which  is  indicated 
in  the  figure  by  a  dotted  line,  extends  a  short  distance  into  the 
commencement  of  the  primitive  arterial  trunk,  dividing  it  into  two 
lateral  halves,  one  of  which  is  in  communication  with  the  right  side 
of  the  heart,  the  other  with  the  left. 

About  the  same  time,  the  pulmonary  branches  (s,  s)  are  given 
off  from  each  side  of  the  arterial  trunk  near  its  origin ;  and  the 
longitudinal  partition,  above  spoken  of,  is  so  placed  that  both  these 
branches  fall  upon  one  side  of  it,  and  are  both,  consequently,  given 
off  from  that  division  of  the  artery  which  is  connected  with  the  right 
side  of  the  heart. 
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Fig.  269. 


F  at  T  A  L  H  B  A  B  T  utiU  Autber 
develop^.— I  Aorte.  2.  Pal- 
mooiirj  arteiy.  8.  3.  Pnl- 
moD»Tj  braachM  4.  Dnctat 
artorlMns. 


Very  soon  a  superficial  line  of  demarcation,  or  fnrrow,  shows 
itaelf  upon  the  external  surface  of  the  heart,  corresponding  in  situa- 
tion with  the  internal  septum;  while  at  the  root  of  the  arterial 
trunk  this  furrow  becomes  much  deeper,  and  finally  the  two  lateral 
portions  of  the  vessel  are  separated  from  each  other  altogether,  in 
the  immediate  neighborhood  of  the  heart, 
joining  again,  however,  a  short  distance  be- 
yond the  origin  of  the  pulmonary  branches. 
(Fig.  269.)  It  then  becomes  evident  that 
the  left  lateral  division  of  the  arterial  trunk 
is  the  commencement  of  the  aorta  (i);  while 
its  right  lateral  division  is  the  trunk  of  the 
pulmonary  artery  (2),  giving  off  the  right 
and  left  pulmonary  branches  («,8),  at  a  short 
distance  from  its  origin.  That  portion  of 
the  pulmonary  trunk  (4)  which  is  beyond 
the  origin  of  the  pulmonary  branches,  and 
which  communicates  freely  with  the  aorta,  is  the  Ductus  arteriosus. 

The  ductus  arteriosus  is  at  first  as  large  as  the  pulmonary  trunk 
itself;  and  nearly  the  whole  of  the  blood,  coming  from  the  right 
ventricle,  passes  directly  onward  through  the  arterial  duct,  and 
enters  the  aorta  without  going  to  the  lungs.  But  as  the  lungs 
gradually  become  developed,  they  require  a  larger  quantity  of 
blood  for  their  nutrition,  and  the  pulmonary  branches  increase  in 
proportion  to  the  pulmonary  trunk  and  the  ductus  arteriosus.  At 
the  termination  of  foetal  life,  in  the 
human  subject,  the  ductus  arteriosus 
is  about  as  large  as  either  one  of  the 
pulmonary  branches ;  and  a  very  con- 
siderable portion  of  the  blood,  there- 
fore, coming  from  the  right  ventricle 
still  passes  onward  to  the  aorta  with- 
out being  distributed  to  the  lungs. 

But  at  the  period  of  birth,  the  lungs 
enter  upon  the  active  performance  of 
the  function  of  respiration,  and  imme- 
diately require  a  much  larger  supply 
of  blood.  The  right  and  left  pul- 
monary branches  then  enlarge,  so  as 
to  become  the  two  principal  divisions 
of  the  pulmonary  trunk.  (Fig.  270.)    The  ductus  arteriosus  at  the 


Fig.  270. 


Hbabt  op  Ihpaivt,  sbowlng  dit- 
appearance  of  arterial  duet  after  blrtb. 
— 1.  Aorta.  2.  Pnlmonar/  arterj.  8, 
S.  Palroonary  branches.  4.  Daetoe 
arterloana  becoming  obliterated. 
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same  time  becomes  contracted  and  shrivelled  to  such  an  extent 
that  its  cavity  is  obliterated ;  and  it  is  finally  converted  into  an  im- 
pervious, rounded  cord,  which  remains  until  adult  life,  running 
from  the  point  of  bifurcation  of  the  pulmonary  artery  to  the  under 
side  of  the  arch  of  the  aorta«  The  obliteration  of  the  arterial  duct 
is  complete,  at  latest^  by  the  tenth  week  after  birth.  (Guy.) 

The  two  auricles  are  separated  from  the  two  ventricles  by  hori- 
zontal septa  which  grow  from  the  internal  surface  of  the  cardiac 
walls;  but  these  septa  remaining  incomplete,  the  auriculo- ventricu- 
lar orifices  continue  pervious,  and  allow  the  free  passage  of  the 
blood  from  the  auricles  to  the  ventricles. 

The  interventricular  septum,  or  that  which  separates  the  two 
ventricles  from  each  other,  is  completed  at  a  very  early  date ;  but 
the  interauricular  septum,  or  that  which  is  situated  between  the 
two  auricles,  remains  incomplete  for  a  long  time,  being  perforated 
by  an  oval-shaped  opening,  the  foramen  ovale,  allowing,  at  this 
situation,  a  free  passage  from  the  right  to  the  left  side  of  the  heart 
The  existence  of  the  foramen  ovale  and  of  the  ductus  arteriosus 
gives  rise  to  a  peculiar  crossing  of  the  streams  of  blood  in  passing 
through  the  heart,  which  is  characteristic  of  foetal  life,  and  which 
may  be  described  as  follows : — 

It  will  be  found  upon  examination  that  the  two  venas  cavse, 
superior  and  inferior,  do  not  open  into  the  auricular  sac  on  the 
same  plane  or  in  the  same  direction ;  for  while  the  superior  vena 
cava  is  situated  anteriorly,  and  is  directed  downward  and  forward, 
the  inferior  is  situated  quite  posteriorly,  and  passes  into  the  auricle 
in  a  direction  from  right  to  left,  and  transversely  to  the  axis  of 
the  heart.  A  nearly  vertical  curtain  or  valve  at  the  same  time 
hangs  downward  behind  the  orifice  of  the  superior  vena  cava  and 
in  front  of  the  orifice  of  the  inferior.  This  curtain  is  formed  by 
the  lower  edge  of  the  septum  of  the  auricles,  which,  as  we  have 
before  stated,  is  incomplete  at  this  age,  and  which  terminates 
inferiorly  and  toward  the  right  in  a  crescentic  border,  leaving  at 
that  part  an  oval  opening,  the  foramen  ovale.  The  stream  of  blood, 
coming  from  the  superior  vena  cava,  falls  accordingly  in  front  of 
this  curtain,  and  passes  directly  downward,  through  the  auriculo- 
ventricular  orifice,  into  the  right  ventricle.  But  the  inferior  vena 
cava,  being  situated  ferther  back  and  directed  transversely,  opens, 
properly  speaking,  not  into  the  right  auricle,  but  into  the  left ;  for 
its  stream  of  blood,  falling  behind  the  curtain  above  mentioned, 
passes  across,  through  the  foramen  ovale,  directly  into  the  cavity  of 
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left  auricle.  This  directioa  of  the  current  of  blood,  coming 
from  the  inferior  vena  cava,  is  further  secured  by  a  peculiar  mem- 
branous valve,  which  exists  at  this  period,  termed  the  Eifslachian 
TNilve.  This  valve,  which  is  very  thin  and  transparent  (Fig.  271,/), 
is  attached  to  the  anterior  border  of  the  orifice  of  the  inferior  vena 
cava,  and  terminates  by  a  cresceutic  edge,  directed  toward  the  left; 
the  valve,  in  this  way,  standing 
aa  an  incomplete  membranous 
partition  betweert  the  cavity  of 
the  inferior  vena  cava  and  that 
oflhe  right  auricle.  A  bougie, 
accordingly,  placed  in  the  in- 
ferior vena  cava,  as  shown  in 
Fig.  271,  lies  naturally  quite 
behind  the  Eustachian  valve, 
and  passes  directly  through 
the  foramen  ovale,  into  the  left 
auricle. 

The  two  streams  of  blood, 
therefore,  coming  from  the  su- 
perior and  inferior  venie  cava), 
cross  each  other  upon  entering  riaktot  hdvh  FaiTrt.iiithseBdoruia 
the  heart.  Thiscrosaing  of  the  ^;Il"!^'';/iJ,XX'^'«,^V'°BB^ri«'™ 
streams  does  not  take  place,  «ti.  e.  r»itr  or  niui  narKt*,  itm  opn  rtam 
however,  as  it  is  sometimes  Iu/'«Dmci**^Miii'do»V/ Ei'.i«iii»ri«f»». 
described,  in  the  cavity  of  the  Ths  iwogte,  vbieb  n  pii»d  m  iiiBiiiftrior  ku 
right  atiriule;  but,  owing  to  the  «lti.7ni.i  bJiTw  ihTj^'ai  ildi«ied  by /,  ih" 
peculiar  position  and  direction      eroHi>iKi»iiiadih»cmviirofii.»ri(rLiiMo.ni.,.iid 

'  ^  puiliilt  ihruqgh  lb*  r^nmeii  aiale.  lu  III!  left  tida 

of  the  twovemsat  this  period,      oftb*h«n, 

with  regard  to  the  septum  of 

the  auricles,  the  stream  coming  from  the  superior  vena  cava  enters 

the  right  auricle  exclusively,  while  that  from  the  inferior  passes 

almost  directly  into  the  left  auricle. 

It  will  also  be  seen,  by  examining  the  po-sitions  of  the  aorta,  pul 
monary  artery,  and  ductus  arteriosus,  at  this  time,  that  the  arteria 
imiominata,  together  with  the  left  carotid  and  left  subclavian,  are 
given  off  from  the  arch  of  the  aorta,  before  its  junction  with  the 
ductus  arteriosus,  and  this  arrangement  causes  the  blood  of  the  two 
vensB  cavia,  not  only  to  enter  the  heart  in  different  directions,  but 
also  to  be  distributed,  after  leaving  the  ventricles,  to  dift'erent  parts 
of  the  body.  (Fig.  272.)     For  the  blood  of  the  superior  vena  cava 
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paases  througli  the  right  auricle  downward  into  the  right 
thence  through  the  pulmonary  artery  and  ductus  arteriosus,  into 
the  thoracic  aorta,  while  the  blood  of  the  inferior  vena  cava,  enter- 
ing the  left  auricle,  passes  into  the  lel't  ventricle,  thence  into  the  arch 
of  the  aorta,  and  is  distributed  to  the  head  and  upper  extremities, 
before  reaching  the  situation  of  the  arterial  duct.  The  tSvo  streams, 
therefore,  in  passing  through  the  heart,  cross  each  other  both  belli 
and  ID  front.  The  venous  blood,  returning  from  the  head  i 
upper  extremities  by  the  supeil 
vena  cava,  passes  through  the  abl 
mina!  aorta  and  the  umbilical  s 
rics,  to  the  lower  part  of  the  I 
and  to  the  placenta;  while  that] 
turning  from  the  placenta,  by  t 
inferior  vena  cava,  is  (listribmed| 
the  head  and  upper  extremiti 
through  the  vessels  given  o 
the  arch  of  the  aorta. 

This  division  of  the  streamsi 
bIoo<l,  during  a  certain  period* 
fecial  life,  ia  so  complete  that  J 
»»B  FiBT.i.  HmKr.— a.  BupofiorvBD*  Johu  Held,'  on  injecting  the  i 
oiji.  6,  luffriorvenBci.  c.^, i-.e  Aroh  pior  vena  cava  with  red,  and  I 
arwrj.  supcfior  With   ycllow,  in 

months'  human  foetus,  found  thai 
the  red  had  passed  through  the  foramen  ovale  into  the  left  auricle 
and  ventricle  and  arch  of  the  aorta,  and  bad  filled  the  vessels  of 
the  head  and  upper  extremities;  while  the  yellow  had  passed  into 
the  right  ventricle,  pulmonary  artery,  ductus  arteriosus,  and  tho- 
racio  aorta,  with  only  a  slight  admixture  of  red  at  tlie  posterior 
part  of  the  right  auricle.  All  tie  branches  of  the  thoracic  and 
abdominal  aorta  were  filled  with  yellow,  while  the  whole  of  the  red 
had  passed  to  the  upper  part  of  the  boily. 

We  have  repeated  the  above  experiment  several  times  on  the 
foetal  pig.  when  about  one-half  and  three-quarters  grown,  first  taking 
the  precaution  to  wash  out  the  heart  and  large  vessels  with  a  wa- 
tery injection,  immediately  afler  the  removal  of  the  ftetus  from  the 
body  of  the  parent,  and  before  the  blood  had  been  allowed  to  coagu- 
late.   The  injections  used  were  blue  for  the  8U|3erior  vena  c 
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and  yellow  for  the  inferior.  The  two  syringes  were  managed,  at 
the  same  time,  by  the  right  and  left  hands ;  their  nozzles  being 
firmly  held  in  place  by  the  fingers  of  an  assistant.  "When  the 
points  of  the  syringes  were  introduced  into  the  veins,  at  equal  dis- 
tances from  the  heart,  and  the  two  injections  made  with  equal  force 
and  rapidity,  it  was  found  that  the  admixture  of  the  colors  which 
took  place  was  so  slight,  that  at  least  nineteen-twentieths  of  the 
yellow  injection  had  passed  into  the  left  auricle,  and  nineteen-twen- 
tieths of  the  blue  into  the  right.  The  pulmonary  artery  and  ductus 
arteriosus  contained  a  similar  proportion  of  blue,  and  the  arch  of 
the  aorta  of  yellow.  In  the  thoracic  and  abdominal  aorta,  however, 
contrary  to  what  was  found  by  Dr.  Beid,  there  was  always  an  ad- 
mixture of  the  two  colors,  generally  in  about  equal  proportions. 
This  discrepancy  may  be  owing  to  the  smaller  size  of  the  head  and 
upper  extremities,  in  the  pig,  as  compared  with  those  of  the  human 
subject,  which  would  prevent  their  receiving  all  the  blood  coming 
from  the  left  ventricle ;  or  to  some  differences  in  the  manipulation 
of  these  experiments,  in  which  it  is  not  always  easy  to  imitate  ex- 
actly the  force  and  rapidity  of  the  different  currents  of  blood  in 
the  living  foetus.  The  above  results,  however,  are  such  as  to  leave 
no  doubt  of  the  principal  fact,  viz.,  that  up  to  an  advanced  stage  of 
foetal  life,  by  far  the  greater  portion  of  the  blood  coming  from  the 
inferior  vena  cava  passes  through  the  foramen  ovale,  into  the  left 
side  of  the  heart ;  while  by  far  the  greater  portion  of  that  coming 
fix)m  the  head  and  upper  extremities  passes  into  the  right  side  of 
the  heart,  and  thence  outward  by  the  pulmonary  trunk  and  ductus 
arteriosus.  Toward  the  latter  periods  of  gestation,  this  division 
of  the  venous  currents  becomes  less  complete,  owing  to  the  three 
following  causes : — 

First,  the  lungs  increasing  in  size,  the  two  pulmonary  arteries,  as 
well  as  the  pulmonary  veins,  enlarge  in  proportion ;  and  a  greater 
quantity  of  the  blood,  therefore,  coming  from  the  right  ventricle, 
instead  of  going  onward  through  the  ductus  arteriosus,  passes  to 
the  lungs,  and  returning  thence  by  the  pulmonary  veins  to  the  left 
auricle  and  ventricle,  joins  the  stream  passing  out  by  the  arch  of 
the  aorta. 

Secondly,  the  Eustachian  valve  diminishes  in  size.  This  valve, 
which  is  very  large  and  distinct  at  the  end  of  the  sixth  month 
(Fig.  271),  subsequently  becomes  atrophied  to  such  an  extent  that, 
at  the  end  of  gestation,  it  has  altogether  disappeared,  or  is  at  least 
reduced  to  the  condition  of  a  very  narrow,  almost  imperceptible 
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membranous  ridge,  which  can  exert  no  influence  on  the  direction 
of  the  current  of  blood  passing  by  it  Thus,  the  cavity  of  the  infe- 
rior vena  cava,  at  its  upper  extremity,  ceases  to  be  separated  from 
that  of  the  right  auricle ;  and  a  passage  of  blood  &om  one  to  the 
other  may,  therefore,  more  readily  take  place. 

Thirdly,  the  foramen  ovale  becomes  partially  closed  by  a  valve 
which  passes  across  its  orifice  from  behind  forward.  This  valve^ 
which  begins  to  be  formed  at  a  very  early  period,  is  called  the 
valve  of  the  foramen  ovale.  It  consists  of  a  thin,  fibrous  sheet,  which 
grows  from  the  posterior  surface  of  the  auricular  cavity,  just  to  the 
left  of  the  foramen  ovale,  and  projects  into  the  left  auricle,  its  free 
edge  presenting  a  thin  crescentic  border,  and  being  attached,  by  its 
two  extremities,  to  the  auricular  septum-  upon  the  left  side.  This 
valve  does  not  at  first  interfere  at  all  with  the  flow  of  blood  from 
right  to  left,  since  its  edge  hangs  freely  and  loosely  into  the  cavity 
of  the  left  auricle.  It  only  opposes,  therefore,  during  the  early 
periods,  any  accidental  regurgitation  from  left  to  right. 

But  as  gestation  advances,  while  the  walls  of  the  heart  con- 
tinue to  enlarge,  and  its  cavities  to  expand  in  every  direction,  the 
fibrous  bundles,  forming  the  valve,  do  not  elongate  in  proportion* 
The  valve,  accordingly,  becomes  drawn  downward  more  and  more 
toward  the  foramen  ovale.  It  thus  comes  in  contact  with  the  edges 
of  the  interauricular  septum,  and  unites  with  its  substance ;  the 
adhesion  taking  place  first  at  the  lower  and  posterior  portion,  and 
proceeding  gradually  upward  and  forward,  so  as  to  make  the  pas- 
sage, from  the  right  auricle  to  the  left,  more  and  more  oblique  in 
direction. 

At  the  same  time,  an  alteration  takes  place  in  the  position  of  the 
inferior  vena  cava.  This  vessel,  which  at  first  looked  transversely 
toward  the  foramen  ovale,  becomes  directed  more  obliquely  for- 
ward ;  so  that,  the  Eustachian  valve  having  mostly  disappeared,  a 
part  of  the  blood  of  the  inferior  vena  cava  enters  the  right  auricle, 
while  the  remainder  still  passes  through  the  equally  oblique  open 
ing  of  the  foramen  ovale. 

At  the  period  of  birth  a  change  takes  place,  by  which  the 
foramen  ovale  is  completely  occluded,  and  all  the  blood  coming 
through  the  inferior  vena  cava  is  turned  into  the  right  auricle. 

This  change  depends  upon  the  commencement  of  respiration. 
A  much  larger  quantity  of  blood  than  before  is  then  sent  to  the 
lungs,  and  of  course  returns  from  them  to  the  left  auricle.  The 
left  auricle,  being  then  completely  filled  with  the  pulmonary  blood, 
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ger  admita  a  free  access  from  tbe  rigbt  auricle  through  the 
foramen  ova'e;  and  the  valve  of  the  foramen,  pressed  backward 
more  closely  againat  the  edges  of  the  septum,  becomes  after  a  time 
adherent  throughout,  and  obliterateB  the  opening  altogether.  The 
cutting  off  of  the  placental  circulation  diminishes  at  the  same  time 
the  quantity  of  blood  arriving  at  the  heart  by  the  inferior  vena 
cava.  It  is  evident,  indeed,  that  the  same  quantity  of  blood  which 
previously  returned  from  the  placenta  by  the  inferior  cava,  on  the 
right  side  of  the  auricular  septum,  now  returns  from  the  lungs,  by 
the  pulmonary  veins  upon  the  left  side  of  the  same  septum ;  and  it 
is  owing  to  all  these  circumstances  combined,  that  while  before  birth 
a  portion  of  the  blood  always  passed  from  the  right  auricle  to  the 
left  through  the  foramen  ovale,  no  such  passage  takes  place  after 
birth,  since  the  pressure  is  then  equal  on  both  sides  of  the  auricular 
septum. 

I  The  ftetal  circulation,  represented  in  Fig.  272,  is  then  replaced 
'the  adult  circulation,  represented  in  Fig,  273. 


Fig.  273. 
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That  portion  of  the  septum  of  the  auricles,  originally  occupied 
by  the  foramen  ovale,  is  accordingly  constituted,  in  the  adult  con 
dition,  by  the  valve  of  the  foramen  ovale,  which  has  become  adha- 
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rent  to  the  edges  of  the  septum.  The  auricular  septum  in  the  adult 
heart  is,  therefore,  thinner  at  this  spot  than  elsewhere ;  and  presents, 
on  the  side  of  the  right  auricle,  an  oval  depression,  termed  the  fossa 
ovaliSf  which  indicates  the  site  of  the  original  foramen  ovale.  The 
fossa  ovalis  is  surrounded  by  a  slightly  raised  ring,  the  annulus 
ovaliSf  representing  the  curvilinear  edge  of  the  original  auricular 
septum. 

The  foramen  ovale  is  sometimes  completely  obliterated  within  a 
few  days  after  birth.  It  often,  however,  remains  partially  pervious 
for  several  weeks  or  months.  We  have  a  specimen,  taken  from  a 
child  of  one  year  and  nine  months,  in  which  the  opening  is  still 
very  distinct;  and  it  is  not  unfrequent  to  find  a  small  ai>erturQ 
existing  even  in  adult  life.  In  these  instances,  however,  although 
the  adhesion  and  solidification  of  the  auricular  septum  may  not  be 
complete,  yet  no  disturbance  of  the  circulation  results,  and  no  ad- 
mixture of  blood  takes  place  between  the  right  and  left  sides  of  the 
heart ;  since  the  passage  through  the  auricular  septum  is  always 
very  oblique  in  its  direction,  and  its  valvular  arrangement  prevents 
any  regurgitation  from  left  to  right,  while  the  complete  filling  of 
the  left  auricle  with  pulmonary  blood,  as  above  mentioned,  equally 
opposes  any  passage  from  right  to  left 
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CHAPTER    XVIII. 

DEVELOPMENT    OF  THE   BODY  AFTER   BIRTH. 

The  newly-bom  infant  is  still  very  far  from  having  arrived  ai  a 
state  of  complete  development.  The  changes  through  which  it  has 
passed  during  intra-uterine  life  are  not  more  marked  than  those 
which  are  to  follow  during  the  periods  of  infancy,  childhood,  and 
adolescence.  The  anatomy  of  the  organs,  both  internal  and  ex- 
ternal, their  physiological  functions,  and  even  the  morbid  derange- 
ments to  which  they  are  subject,  continue  to  undergo  gradual  and 
progressive  alterations,  throughout  the  entire  course  of  subsequent 
life.  The  history  of  development  extends,  properly  speaking,  from 
the  earliest  organization  of  the  embryonic  tissues  to  the  complete 
formation  of  the  adult  body.  The  period  of  birth,  accordingly, 
marks  only  a  single  epoch  in  a  constant  series  of  changes,  some  of 
which  have  preceded,  while  many  others  are  to  follow. 

The  weight  of  the  newly-bom  infant  is  a  little  over  six  pounds. 
The  middle  point  of  the  body  is  nearly  at  the  umbilicus,  the  head 
and  upper  extremities  being  still  very  large,  in  proportion  to  the 
lower  extremities  and  pelvis.  The  abdomen  is  larger  and  the 
chest  smaller,  in  proportion,  than  in  the  adult.  The  lower  extremi- 
ties are  curved  inward,  as  in  the  foetal  condition,  so  that  the  soles  of 
the  feet  look  obliquely  toward  each  other,  instead  of  being  directed 
horizontally  downward,  as -at  a  subsequent  period.  Both  upper 
and  lower  extremities  are  habitually  curled  upward  and  forward 
over  the  chest  and  abdomen,  and  all  the  joints  are  constantly  in  a 
semi-flexed  position. 

The  process  of  respiration  is  very  imperfectly  performed  for 
some  time  after  birth.  The  expansion  of  the  pulmonary  vesicles^ 
and  the  changes  in  the  circulatory  apparatus  described  in  the  pre- 
ceding chapter,  far  from  being  sudden  and  instantaneous,  are 
always  more  or  less  gradual  in  their  character,  and  require  an 
interval  of  several  days  for  their  completion.    Respiration,  indeed 
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seems  to  be  accomplished,  during  this  period,  to  a  considerable 
extent  through  the  skin,  which  is  remarkably  soft,  vascular,  and 
ruddy  in  color.  The  animal  heat  is  also  less  actively  generated 
than  in  the  adult,  and  requires  to  be  sustained  by  careful  protec- 
tion, and  by  contact  with  the  body  of  the  mother.  The  young 
infant  sleeps  during  the  greater  part  of  the  time ;  and  even  when 
awake  there  are  but  few  manifestations  of  intelligence  or  percep- 
tion. The  special  senses  of  sight  and  hearing  ^;*e  dull  and  inex- 
citable,  though  their  organs  are  perfectly  formed;  and  even 
consciousness  seems  present  only  to  a  very  limited  extent.  Volun- 
tary motion  and  sensation  are  nearly  absent ;  and  the  almost  con- 
stant irregular  movements  of  the  limbs,  observable  at  this  time, 
are  evidently  of  a  reflex  or  automatic  character.  Nearly  all  the 
nervous  phenomena,  indeed,  presented  by  the  newly-born  infant, 
are  of  a  similar  nature.  The  motions  of  its  hands  and  feet,  the  act 
of  suckling,  and  even  its  cries  and  the  contortions  of  its  face,  are 
reflex  in  their  origin,  and  do  not  indicate  the  existence  of  any 
active  volition,  or  any  distinct  perception  of  external  objects. 
There  is  at  first  but  little  nervous  connection  established  with  the 
external  world,  and  the  system  is  as  yet  almost  exclusively  occu- 
pied with  the  functions  of  nutrition  and  respiration. 

This  preponderance  of  the  simple  reflex  actions  in  the  nervous 
system  of  the  infant,  is  observable  even  in  the  diseases  to  which  it 
is  peculiarly  subject  for  some  years  after  birth.  It  is  at  this  age 
that  convulsions  from  indigestion  are  of  most  frequent  occurrence, 
and  even  temporary  strabismus  and  paralysis,  resulting  from  the 
same  cause.  It  is  well  known  to  physicians,  moreover,  that  the 
effect  of  various  drugs  upon  the  infant  is  very  different  from  that 
which  they  exert  upon  the  adult.  Opium,  for  example,  is  very 
much  more  active,  in  proportion  to  the  dose,  in  the  infant  than  in 
the  adult.  Mercury,  on  the  other  hand,  produces  salivation  with 
greater  difficulty  in  the  former  than  in  the  latter.  Blisters  excite 
more  constitutional  irritation  in  the  young  than  in  the  old  subject ; 
and  antimony,  when  given  to  children,  is  proverbially  uncertain 
and  dangerous  in  its  operation. 

The  difference  in  the  anatomy  of  the  newly-born  infant,  and  that 
of  the  adult,  may  be  represented,  to  a  certain  extent,  by  the  fol- 
lowing list,  which  gives  the  relative  weight  of  the  most  important 
internal  organs  at  the  period  of  birth  and  that  of  adult  age ;  the 
weight  of  the  entire  body  being  reckoned,  in  each  case,  as  1000. 
The  relative  weight  of  the  adult  organs  has  been  calculated  from 
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the  estimates  of  Cruveilheir,  Solly,  Wilson,  &c. ;  that  of  the  organs 
in  the  foetus  at  term  from  our  own  observations. 

F<BT1Tt  AT  TniC  ADVLT. 


Weight  of  the  entire  bodj 

.      1000.00 

1000.00 

i<       « 

enoephalon 

148.00 

23.00 

<l              IC 

liver 

37.00 

29.00 

cc         u 

heart         •        •        .        , 

7.77 

4.17 

II          u 

kidneys     •        •        •        , 

6.00 

4.00 

II        II 

renal  capeules  • 

1.63 

0.13 

14             II 

thjroid  gland    • 

0.60 

0.51 

II             II 

thjmas  gland    • 

3.00 

0.00 

It  will  be  observed  that  most  of  the  internal  organs  diminish  in 
relative  size  after  birth,  owing  principally  to  the  increased  develop- 
ment of  the  osseous  and  muscular  systems,  both  of  which  are  in  a 
very  imperfect  condition  throughout  intra-uterine  life,  but  which 
come  into  activity  during  childhood  and  youth. 

Within  the  first  day  after  birth  the  remains  of  the  umbilical 
cord  begin  to  wither,  and  become  completely  desiccated  by  about 
the  third  day.  A  superficial  ulceration  then  takes  place  about  the 
point  of  its  attachment,  and  it  is  separated  and  thrown  off  within 
the  first  week.  After  the  separation  of  the  cord,  the  umbilicus 
becomes  completely  cicatrized  by  the  tenth  or  twelfth  day  after 
birth.  (Guy.) 

An  exfoliation  and  renovation  of  the  cuticle  also  take  place 
over  the  whole  body  soon  after  birth.  According  to  Kolliker,  the 
eyelashes,  and  probably  all  the  hairs  of  the  body  and  head  are 
thrown  off  and  replaced  by  new  ones  within  the  first  year. 

The  teeth  in  the  newly-born  infant  are  but  partially  developed, 
and  are  still  inclosed  in  their  follicles^  and  concealed  beneath  the 
gums.  They  are  twenty  in  number,  viz.,  two  incisors,  one  canine, 
and  two  molars,  on  each  side  of  each  jaw.  At  birth  there  is  a  thin 
layer  of  dentine  and  enamel  covering  their  upper  surfaces,  but 
the  body  of  the  tooth  and  its  fangs  are  formed  subsequently  by 
progressive  elongation  and  ossification  of  the  tooth-pulp.  The 
fully-formed  teeth  emerge  from  the  gums  in  the  following  order. 
The  central  incisors  in  the  seventh  month  after  birth;  the  lateral 
incisors  in  the  eighth  month ;  the  anterior  molars  at  the  end  of  the 
first  year ;  the  canines  at  a  year  and  a  half;  and  the  second  molars 
at  two  years  (Kolliker).  The  eruption  of  the  teeth  in  the  lower 
jaw  generally  precedes  by  a  short  time  that  of  the  corresponding 
teeth  in  the  upper. 

During  the  seventh  year  a  change  begins  to  take  place  by  which 
44 
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the  first  set  of  teeth  are  thrown  off  and  replaced  by  a  second  or 
permanent  set,  diflFering  in  number,  size,  and  shape  from  those 
which  preceded.  The  anterior  permanent  molar  first  shows  itself 
just  behind  the  posterior  temporary  molar,  on  each  side.  This 
happens  at  about  six  and  a  half  years  after  birth.  At  the  end  of 
the  seventh  year  the  middle  incisors  are  thrown  off  and  replaced 
by  corresponding  permanent  teeth,  of  larger  size.  At  the  eighth 
year  a  similar  exchange  takes  place  in  the  lateral  incisors.  In  the 
ninth  and  tenth  years,  the  anterior  and  second  molars  are  replaced 
by  the  anterior  and  second  permanent  bicuspids.  In  the  twelflh 
year,  the  canine  teeth  are  changed.  In  the  thirteenth  year,  the 
second  permanent  molars  show  themselves ;  and  from  the  seven- 
teenth to  the  twenty-first  year,  the  third  molars,  or  "  wisdom  teeth," 
emerge  from  the  gums,  at  the  posterior  extremities  of  the  dental 
arch.  (Wilson.)  The  jaw,  therefore,  in  the  adult  condition,  contains 
three  teeth  on  each  side  more  than  in  childhood,  making  in  all 
thirty-two  permanent  teeth ;  viz.,  on  each  side,  above  and  below, 
two  incisors,  one  canine,  two  bicuspids,  and  three  permanent 
molars. 

The  entire  generative  apparatus,  which  is  still  altogether  inactive 
at  birth,  begins  to  enter  upon  a  condition  of  functional  activity 
from  the  fifteenth  to  the  twentieth  year.  The  entire  configuration 
of  the  body  alters  in  a  striking  manner  at  this  period,  and  the  dis- 
tinction between  the  sexes  becomes  more  complete  and  well 
marked.  The  beard  is  developed  in  the  male ;  and  in  the  female 
the  breasts  assume  the  size  and  form  characteristic  of  the  condition 
of  puberty.  The  voice,  which  is  shrill  and  sharp  in  infancy  and 
childhood,  becomes  deeper  in  tone,  and  the  countenance  assumes  a 
more  sedate  and  serious  expression.  Afler  this  period,  the  mus- 
cular system  increases  still  further  in  size  and  strength,  and  the 
consolidation  of  the  skeleton  also  continues ;  the  bony  union  of  its 
various  parts  not  being  entirely  accomplished  until  the  twenty-fiflh 
or  thirtieth  year.  Finally,  all  the  different  organs  of  the  body 
arrive  at  the  adult  condition,  and  the  entire  process  of  development 
is  then  complete. 
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bonic acid,  250 

on  comparative  weight  of  organs, 
689 
Air,  quantity  of,  used  in  respiration,  238 

alterations  of,  in  respiration,  241 

circulation  of,  in  lungs,  239 
Air-cells  of  lungs,  235 
Air-chamber,  in  fowl's  egg,  552 
Albumen,  100 

of  the  blood,  224 

in  milk,  335 

of  the  egg,  how  produced,  550 

its  liquefaction  and  absorption  dur- 
ing development  of  foetus,  602- 
604 
Albuminoid  substances,  95 

digestion  of,  141 
Albuminose,  142 

Interference  with  Trommer's   test, 
143 

with  action  of  iodine  and   stanch, 
144 


Alimentary  canal  in  different  animals, 
116, 119 

development  of,  644 
Alkalies,  effect  of,  on  urine,  354 
Alkaline  chlorides,  71-74 

phosphates,  77 

carbonates,  76,  77 
Alkaline  fermentation  of  urine,  360 
Alkalescence  of  blood,  due  to  carbonates, 

76 
Allantois,  599 

formation  of,  601 

in  fowl's  egg,  604 

function  of,  605 

in  foeUl  pig,  622 
i  Alligator,  brain  of,  382 
Amnion,  509 

formation  of,  600 

enlargement  of,  during  latter  part  of 
pregnancy,  630 

contact  with  chorion,  631 
Amniotic  folds,  600 
Amniotic  fluid,  630 

its  use,  631 

contains  sugar  at  a  certain  period, 
648 
Amniotic  umbilicus,  600 
Analysis,  of  animal  fluids,  64,  65 

of  milk,  112,  334 

of  wheat  flour,  112 

of  oatmeal,  112 

of  eggs,  113 

of  meat,  113 

of  saliva,  124, 126 

of  gastric  Juice,  139 

of  pancreatic  Juice,  155 

of  bile,  176 

of  blood-globules,  218 

of  blood-plasma,  223 

of  mucus,  328 

of  sebaceous  matter,  329 

of  perspiration,  331 

of  butter,  336 

of  urine,  352 

of  fluid  of  thoracic  duct,  318 

of  chyle  and  lymph,  320 
Andbal  and  Gavarrbt,  production  of 

carbonic  acid  in  respiration,  250 
:  Animal  functions,  59 
Animal  heat,  253-263 

in  different  species,  255 

mode  of  generation,  257 
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Anini&l  heat  inflaenoed  bj  local  causes, 
261 

in  different  organs,  262 

increase  of,  after  section  of  sjrmpa- 
thetic  nerve,  521 
Animal  and  vegetable  parasites,  532 
Animalcules,  infusorial,  529 

mode  of  production,  530 
Annulus  ovalis,  686 
Anterior  columns  of  spinal  cord,  380 

their  excitability,  402 
Aorta,  development  of,  670 
Aplasia,  nervous  system  of,  375 
Appetite,  disturbed  by  anxiety,  &c.,  149 

necessary  to  digestion  of  food,  149 
Aquatic  respiration,  233 
Arch  of  aorta,  formation  of,  671 
Arches,  cervical,  670 

transformation  of,  671 
Area  pellucida,  590 

vasculosa,  003,  666 
Arteries,  281 

motion  of  blood  in,  282 

pulsation  of,  283-285 

elasticity  of,  281,  286 

rapidity  of  circulation  in,  289 

omphalo-mesenterio,  666 

Tertebral,  669 

umbilical,  669 
Arterial  pressure,  287 
Arterial  system,  development  of,  669-672 
Articulata,  nervous  system  of,  376 

reflex  action  in,  377 
Articulation  of  tapeworm,  541 
AryttiDoid  cartilages,  240 

movements  of,  241 
Assimilation,  324 

destructive,  341 
Auditory  apparatus,  505 

nerves,  447,  607 
Auricle,  single,  of  fish,  265 

double,  of  reptiles,  birds,  and  mam- 
malians, 266,  267 

contraction  of,  279 
Auric ulo- ventricular  valves,  action  of, 

269 
Axis-cylinder,  of  nervous  filaments,  370 
Aztec  childreu,  426 
Azygous  veins,  formation  of,  673 

Beaumont,  Dr.,  experiments  on  Alexis  St. 

Martin,  135-146 
B£K>  ARD,  on  the  different  kinds  of  saliva, 
125 
on  effect  of  dividing  Steno*s  duct, 

131 
on  digestion  of  fat  in  intestine,  155 
on  formation  of  liver-sugar,  200, 202, 

203 
on  decomposition  of  bicarbonates  in 

lung,  247 
on  temperature  of  blood  in  different 
organs,  262 


BipDEB  AND  ScHMinT,  oo  daily  qnaDtity 
of  bile,  188 

on  effect  of  excluding  bile  from  in- 
testine, 195 

on  reabsorption  of  bile,  196 
Bile,  175 

composition  of,  176 

tests  for,  184 

daily  quantity  of,  188 

functions  of,  193 

reaction  with  gastrio  jnicey  193 

reabsorption,  196 

mode  of  secretion,  337 
Biliary  salts,  177 

of  human  bile,  183 
BiUverdine,  103,  176 

tests  for,  1»4 

passage  into  the  urine,  357 
Blastodermic  membrane,  688 
Blood,  213 

red  globules  of,  214 

white  globules,  220 

plasma,  223 

coagulation  of,  225 

huffy  coat,  230 

entire  quantity  of,  231 

alterations  of,  in  respiration,  243 

temperature  of,  254 

in  different  organs,  262 

circulation  of,  264 

through  the  heart,  270 
through  the  arteries,  282 
through  the  veins,  290 
through  the  capillaries,  296 
BoDSS]5(iAULT,  on  chloride  of  sodium  in 
food,  73 

on  internal  production  of  fat,  93 
Brain,  381,417 

of  alligator,  382 

of  rabbit,  383 

human,  386,  417 

remarkable  oases  of  injury  to,  419, 
420 

size  of,  in  different  races,  423,  424 
in  idiots,  425 

development  of,  63S,  639 
-  Branchiffi,  232 

of  meno-branchns,  233 
Broad  ligaments,  formation  of,  6G2 
Bronchi,  division  of,  234,  235 

ciliary,  motion  in,  239 
Brunner's  glands,  152 
Buffy  coat  of  the  blood,  230 
Butter,  335 

composition  of,  336 

condition  in  milk,  91,  335 
Butyrine,  336 

Canals  of  Cuvier,  672 
Capillaries,  2l>5 

their  inosculation,  206 

motion  of  blood  in,  21)7 
Capillary  circulation,  2'J6 
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Capillarj  oironlation,  oansefi  of,  298 
rapidity  of,  301,  302 
peouliaiitiea  of^  in  different  parts, 
303 
Caput  ooli,  formation  of,  646 
Carbonic  acid,  in  the  breath,  242 

pnqportion  of,  to  ozjgen  absorbed, 

242,243 
in  the  blood,  243 
origin  of,  in  Inngs,  247 
in  the  blood,  248 
in  the  tissues,  248 
mode  of  production,  248 
dailj  quantity  of,  250 
Tariations  of,  250 
exhaled  by  skin,  252 

by  egg,  during  incubation,  606 
absorbed  by  Tegetables,  260 
Carbonate  of  lime,  76 
of  soda,  76 
of  potassa,  77 

of  ammonia,  in  putrefying  urine, 
360 
Cardiac  oiroulation,  in  fostus,  682 

in  adult,  685 
CamiTorous  animals,  respiration  of,  50, 
243 
urine  of,  345 
Cartilagine,  102 
Caseine,  100 
Cat,  secretion  of  bile  in,  188 

closure  of  eyelids,  after  division  of 
sympathetic,  522 
Catalytic  action,  98 
of  pepsin,  142 
Centipede,  nervous  system  of^  376 
Centre,  nervous  definition  of,  373 
Cerebrum,  419.     See  Hemispheres. 
Cerebral   ganglia,   382.      See  Hemi- 
spheres. 
Cerebellum,  429 

effects  of  injury  to,  431 
removal  of,  431-434 
function  of,  430 
development  of,  638,  639 
Cerebro-spinal  system,  378,  379 

development  of,  637 
Cervix  uteri,  554 
in  foBtus,  663 
Cervical  arches,  670 

transformation  of,  671 
Changes,  in  egg,  while  passing  through 
oviduct,  548,  551 
in  hepatic  circulation  at  birth,  677 
in  comparative  sise  of  organs,  after 
birth,  689 
Chbvbsuil,  experiments  on  imbibition, 

312 
Chick,  development  of,  602-607 
Children,  Aztec,  426 
Chloride  of  sodium,  71 

its  proportion  in  the  animal  tissues 
and  fluids,  72 


Chloride  of  sodium,  importance  of,  in  the 
food,  73 

mode  of  discharge  fh>m  the  body,  74 

partial  decomposition  of,  in  the  body, 
74 
Chloride  of  potassium,  74 
Cholesterin,  176 
Chorda  dorsalis,  591 
Chorda  tympani,  488 
Chords  vocales,  movement  of,  in  respi- 
ration, 240 

action  of,  in  the  production  of  vocal 
sounds,  464 

obstruction  of  glottis  by,  after  divi- 
sion of  pneumogastric,  466,  467 
Chorion,  formation  of^  608 

villosities  of,  610 

source  of  vascularity  of,  611 

union  with  decidua,  619 
Chyle,  153, 169,  320 

in  laoteals,  170 

absorption  of^  171 

by  intestinal  epitheliunr,  172 

in  blood,  173 
Ciliary  motion,  in  bronchi,  221 

in  Falfopian  tubes,  573 
Ciliary  nerves,  514 
Circulation,  264 

in  the  heart,  270 

in  the  arteries,  282 

in  the  veins,  290 

in  the  capillaries,  297 

rapidity  of,  302 

peculiarities  of,  in  different  parts, 
304 

in  liver,  339 

in  placenta,  621-629 
Circulatory  apparatus,  development  of, 

605-686 
Civilization,  aptitude  for,  of   different 

races,  424 
Classification  of  cranial  nerves,  448 
Clot,  formation  of,  225 

separation  ftt>m  serum,  226 

buffed  and  cupped,  230 
Coagulation,  98 

of  fibrin,  223 

of  blood,  225 

of  white  substance  of  Schwann,  in 
nerve-fibres,  3(j9 
CoLiK,  on  unilateral  mastication,  127 
Cold,  resistance  to,  by  animals,  253 

effect  of,  when  long  continued,  254 
Colostrum,  333 
Coloring  matters,  102 

of  blood,  102,  218 

of  the  skin,  103 

of  bile,  103 

of  urine,  103 
Commissure,  of  spinal  cord,  gray,  381 

white,  381 

transverse,  of  cerebrum,  387 
I         of  cerebellum,  387 
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Commissures,  nervous,  373 

olfactory,  382,  418 
Congestion,  of  ear,  &o.,  after  division  of 

sympathetic,  521 
Convolvulus,  sexual  apparatus  of,  540 
Consentaneous  action  of  muscles,  430 
Contact,  of  chorion  and  amnion,  631 

of  decidua  vera  and  reflexa,  632 
Contraction,  of  stomach  during  diges- 
tion, 145 

of  spleen,  208 

of  blood-clot,  226 

of  diaphragm  and  intercostal  mus- 
cles, 236 

of  posterior  crico-arytenoid  muscles, 
241 

of  ventricles,  275 

of  muscles  after  death,  389 

of  sphincter  ani,  414 

of  rectum,  414 

of  urinary  bladder,  415 

of  pupil,  under  influence  of  light, 
367,  435,  501 
after  division  of  sympathetic, 
522 
Cooking,  effect  of,  on  food,  114 
Cord,  spinal,  379,  398 

umbilical,  631 

withering  and  separation  of,  689 
Corpus  callosum,  387 
Corpus  luteum,  576 

of  menstruation,  576-580 

of  pregnancy,  580-585 

three  weeks  after  menstruation,  578 

four  weeks  after  menstruation,  579 

nine  weeks  after  menstruation,  579 

at  end  of  second   month   of  preg- 
nancy, 582 

at  end  of  fourth  month,  582 

at  term,  583 

disappearance  of,  after  delivery,  584 
Corpora  Malpighiana,  of  spleen,  191 
Corpora  striata,  383,  419 
Cori)ora  olivaria,  384 
Corpora  Wolffiana,  G55 
CosTE,  on  rupture  of  Graafian  follicle  in 

menstruation,  572,  573 
Cranial  nerves,  446 

classification  of,  448 

motor,  449 

sensitive,  449,  450 
Creatine,  346 
Creatinine,  346 
Cremaster  muscle,  formation  of,  659 

function  of,  in  lower  animals,  660 
Crystals,  of  stearine,  87 

and  margarine,  88 

of  cholesterin,  177 

of  glyko  chelate  of  soda,  178 

of  biliary  matters  of  dog*s  bile,  182 

of  urea,  343 

of  creatine,  346 

of  creatiniue,  346 


Crystals,  of  urate  of  soda,  347 
of  uric  acid,  354 
of  oxalate  of  lime,  360 
of  triple  phosphate,  362 
Crystallizable  sustances  of  organio  ori- 
gin, 79 
Crossing  of  fibres  in  medulla  oblongata, 
385,404 
of  sensitive  fibres  in  spinal  oord, 

405 
of  fibres  of  optio  nerves,  436,  437 
of  streams  of  blood  in  festal  heart, 
681,  682 
Cbuikbuaxk,  rupture  of  Qraafian  follicle 

in  menstruation,  572 
Cumulus  proligerus,  567 
Cutaneous  respiration,  252 

perspiration,  330 
Cuticle,  exfoliation  of,  during  foetal  life, 
643 
after  birth,  689 
Cysticercus,  537 

transformation  of  into  tenia,  538 
production  of,  from  eggs  of  taenia, 
539 

Death,  a  necessary  consequence  of  life, 

526 
Decidua,  614 
vera,  616 
refiexa,  618 

union  with  chorion,  619 
its  discharge  in  cases  of  abortion, 
618 
at  the  time  of  delivery,  633 
Decussation  of  anterior  columns  of  spinal 
cord,  385,  404 
of  optic  nerves,  436,  437 
Degeneration,  fatty,  of  muscular  fibres 

of  uterus,  after  delivery,  635 
Deglutition,  133 

retarded  by  division  of  Steno's  duct, 
131 
by  division  of  pneumogastric, 
463 
Dentition,  first,  689 

second,  690 
Descent  of  the  testicles,  658 

of  the  ovaries,  661 
Destructive  assimilation,  341 
Development  of  the  impregnated  egg,5SG 
of  allantois,  601 
of  chorion,  608 

of  villosities  of  chorion,  610,  611 
of  decidua,  615,  616 
of  placenta,  621-626 
of  nervous  system,  637 
of  eye,  640 
of  ear,  641 
of  skeleton,  641 
of  limbs,  642 
of  integument,  643 
of  alimentary  canal,  464,  C46 


INDEX. 


605 


Development  of  nrinarj  passageB,  646 

of  liver,  649,  b75 

of  pharjux  and  OBsophagos,  650 

of  face,  651 

of  Wolffian  bodies,  655 

of  kidneys,  (i56 

of  internal  generative  organs,  657 

of  ciroulatorjr  apparatus,  665 

of  arterial  system,  G69 

of  venous  system,  672 

of  hepatic  circulation,  675 

of  heart,  b78 

of  the  body  after  birth,  687 
DUbetes,  357 

in  footns,  649 
Diaphragm,  action  of  in  breathing,  237 

formation  of,  651 
Diaphragmatic  hernia,  651 
Diet,  influence  of  on  nutrition,  108 

on  products  of  respiration,  243 

on  formation  of  urea,  345 
of  urate  of  soda,  348 
Diffusion  of  gases  in  lungs,  239 
Digestion,  115 

of  starch,  150 

of  fats,  153 

of  sugar,  150 

of  organic  substances,  141 

time  required  for,  146 
Digestive  apparatus  of  fowl,  117 

of  ox,  118 

of  man,  119 
Discharge  of  eggs  from  ovaxy,  549 

independent  of  sexual  intercourse, 
565 

mechanism  of,  568 

during  menstruation,  572 
Discus  proligerus,  567 
Distahce  and  solidity,  application  of,  by 

the  eye,  50l,  502 
Distinction   between    corpora    lutea    of 

menstruation  and  pregnancy,  585 
Diurnal  variations,  in  exhalation  of  car- 
bonic acid,  252 

in  production  of  urea,  345 

in  density  and  acidity  of  urine,  351 
Division  of  nerves,  371 

of  heart,  into  right  and  left  cavities, 
678 
DoBBON,  on  variation  in  size  of  spleen,  208 
Dbapeb,  John  C,  on  production  of  urea, 

345 
Drugs,  effect  of»  od  newly  bom  infant, 

688 
Ductus  arteriosus,  679,  682 

closure  of,  679,  680 

venodus,  676 

obliteration  of,  677 
Duodeual  glands,  152 

fistula,  190 
DcTBocuBT,  on  temperature  of  plants,  250 

on  endosmosis  of  water  with  differ- 
ent liquids,  309 


Ear,  505 

muscular  apparatus  of,  506 
development  of,  641 
Earthy  phosphates,  74,  77 
in  urine,  353 

precipitated  by  addition  of  an  alkali, 
354 
Ectopia  cordis,  651 
Egg,  544 

its  contents,  545 

where  formed,  546 

of  frog,  547,  548 

of  fowl,  549 

changes  in,  while  passing  through 

the  oviduct,  549-552 
pre-existence  of,  in  ovary,  563 
development  of,  at  period  of  puberty, 

564 
periodical  ripening  and  discharge, 

565 
discharge  of,  from  Graafian  follicle, 

568 
impregnation  of,  how  accomplished, 

561 
development  of,  after  impregnation, 

586 
of  fowl,  showing  area  vasculosa,  603 
ditto,  showing  formation  of  allautois, 

604 
of  fish,  showing  vitelline  circulation, 

666 
attachment  of,  to  uterine  mucous 

membrane,  617 
discharge  of  from  uterus,  at  the  time 

of  delivery,  633 
condition  of  in  newly  born  infant,  663 
Elasticity,  of  spleen,  208 

of  red  globules  of  blood,  216 
of  lungs,  235,  237 
of  costal  cartilages,  237 
of  vocal  cords,  241 
of  arteries,  281 
Electrical  current,  effect  of  on  muscles, 
389 
on  nerve,  391 
different  effects  of  direct  and  inverse, 

394 
Electrical  fishes,  phenomena  of,  30(; 
Electricity,  no  manifestations  of  in  irri- 
tated nerve,  397 
Elevation  of  temperature,  after  division 

of  sympathetic,  261,  521 
Elongation  of  heart  in  pulsation,  275 

anatomical  causes  of,  276 
Embryo,  formation  of,  586 
Embryonic  spot,  590 
Encephalon,  381,  417 

ganglia  of,  386 
Endusmosis,  307 

of  fatty  substances,  171 
in  capillary  circulation,  314 
conditions  of,  308 
cause  of,  311 
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Endosmosis  of  iodide  of  potassium,  313 

of  atropine,  813 

of  nax  yomioa,  314 
Endoemometer,  308 

Enlargement  of  amnion,  daring   preg- 
nancy, 630,  631 
Entozoa,  encysted,  534 

mode  of  production,  536 
Epithelium,  in  saliva,  124 

of  gastric  follicles,  134 

of  intestine,  during  digestion,  172 
Epidermis,  exfoliation  of,  in  festal  life,  643 

after  birth,  689 
Epididymis,  659 
Excretine,  160 
Excretion,  341 

nature  of,  342 

importance  to  life,  342 

proiducts  of,  343 

by  placenta,  623 
Excrementitions  substances,  342 

mode  of  formation  of,  342 

effect  of  retention  of,  342 
Exfoliation  of  cuticle,  during  foBtal  life, 
643 

after  birth,  689 
Exhalation,  307 

of  watery  vapor,  71 

from  the  lungs,  242 

from  the  skin,  330 

from  the  egg,  during  incubation,  606 

of  carbonic  acid,  242 

of  nitrogen,  242 

of  animal  vapor,  242 
Exhaustion,  of  muscles,  by  repeated  irri- 
tation, 390 

of  nerves,  by  ditto,  392 
Exosmosis,  308 
Expiration,  movements  of,  237 

after  section  of  pneumogastric,  469 
Extractive  matters  of  the  blood,  225 
Eye,  prottictiou  of,  by  movements  of  pu- 
pil, 367,  435,  501,  518 

by  two  sets  of  muscles,  519 
Eyeball,  inflammation  of,  after  division 

of  5th  ptfiir,  455 
Eyelids,  formation  of,  641 

Face,  sensitive  nerve  of,  451 

motor  nerve,  456 

development  of,  651 
Facial  nerve,  456 

sensibility  of,  459 

inflnt^nce  of,  on  muscular  apparatus 
of  eye,  457 

of  nose,  458 

of  ear,  459 

paralysifl  of,  458,  459 
Fallopian  tubes,  553 

formation  of,  661 
Farinaceous  substances,  79 

in  food,  80,  106 

digestion  of,  150 


Fat,  decomposition  of,  in  the  blood,  166, 

173 
Fats,  86 

proportion  of,  in  different  kinds  of 

food,  88 
condition,  in  the  various  tissues  and 

fluids,  88 
internal  source  of,  93 
decomposed  in  the  body,  94 
indispensable  as  ingredients  of  the 
food,  106 
Fatty  matters  of  the  blood,  224 
Fatty  degeneration  of  decidua,  634 

of  muscular  fibres  of  uterus,  after 
delivery,  635 
Feces,  160 

Female  generative  organs,  546 
of  frog,  547 
of  fowl,  549 
of  sow,  553 
of  human  species,  554 
development  of,  661 
Fermentation,  99 
of  sugar,  85 
acid,  of  urine,  359 
alkaline,  of  ditto,  360 
Fibrin,  100 

of  the  blood,  223 
coagulation  of,  223 
varying  quantity  of,  in  blood  of  dif- 
ferent veins,  224 
Fifth  pair  of  cranial  nerves,  451 
its  distribution,  452 
division  of,  paralyzes  sensibility  of 
face,  453 
and  of  nasal  passages,  454 
produces  inflammation  of  eye- 
ball, 455 
lingual  branch  of,  456 
small  root  of,  452 
Fish,  circulation  of,  247 

formation  of  umbilical  vesicle  ^n, 

596 
vitelline  circulation,in  embryo  of,667 
Fish,  electrical,  phenomena  of,  ;596 
Fissure, longitudinal,  of  brain  and  spinal 
cord,  379 
formation  of,  640 
Fissure  of  palate,  654 
Fistula,  gastric,  Dr.  Beaumont's  case  of, 
135 
mode  of  operating  for,  136 
duodenal,  190 
Fli5t,  Prof.  Austin,  Jr.,  stercorine,  in 
contents  of  large  intestine,  160 
cholesterin,  in  blood  of  jugular  vein, 
177 
not  discharced  with  the  feces,  177 
effects  of  biliary  fistula,  196 
Foetal  circulation,  first  form  of,  665 

second  form  of,  667 
Follicles,  of  stomach,  134 
of  LieberkUhn,  151 
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Follicle*,  of  Bninner*8  glands,  152 

Graafian,  54G,  5(>7 

of  uterofl,  554,  615 
Food,  105 

composition  of,  112 

daily  quantitjr  reqaired,  113 

•fleot  of  cooking  on^  114 
Foramen  ovale,  tibU 

Talve  of,  684 

closare  of,  684 
Force,  nervous,  nature  of,  395 
formation  of  sugar  in  liver,  200 

in  fcBtus,  649 
Fossa  ovalis,  686 
Functions,  animal,  59 

vegetative,  58 

of  teeth,  121 

of  saliva,  129 

of  gastric  Juice,  141 

of  pancreatic  juice,  155 

of  intestinal  juices,  153 

of  bile,  193 

of  spleen,  210 

of  mucus,  328 

of  seUaceons  matter,  329 

of  perspiration,  331 

of  the  tears,  332 

Galvanism,  action  of,  on  muscles,  389 

on  nerves,  391 
Qangliou,  of  spinal  cord,  880 

of  tuber  annulare,  438 

of  medulla  oblongata,  439 

Casserian,  451 

of  Andersch,  460 

pneumogastric,  461 

ophthalmic,  514 

spheno-palatine,  489,  514 

submaxillary,  514 

otic,  515 

semilunar,  516 

impar,  516 
Ganglionic  system  of  nerves,  379,  514 
Ganglia,  nervous,  372 

of  radiaU,  373 

of  mollusca,  375 

of  articulata,  376 

of  posterior  roots  of  spinal  nerves, 
3tf0 

of  alligator's  brain,  382 

of  rabbit's  brain,  383 

of  medulla  oblongata,  384 

of  human  brain,  366 

of  great  sympathetic,  514 

olfactory,  382,  418 

optic,  382,  434 
Gases,  diffusion  of,  in  lungs,  239 

absorption   and   exhalation  of,  by 
lungs,  244 
by  the  tissues,  248 
Gastric  follicles,  134 
Gastric  juice,  mode  of  obtaining,  137 

composition  of,  139 


Gastric  Juice,  action  on  food,  141 

interference  with  Trommer's  test,  143 
interference  with  action  of  starch 

and  iodine,  144 
daily  quantity  of,  147 
solvent  action  of,  on  stonuich,  alter 
death,  149 
Gelatine,  how  produced,  64 

effect  of  feeding  animals  on,  109 
Generation,  527 

spontaneous,  527 
of  infusoria,  530 
of  parasites,  533 
of  encysted  eutozoa,  535 
of  tenia,  538 
sexual,  by  germs,  540 
Germ,  nature  of,  540 
Germination,  heat  produced  in,  238 
Germinative  vesicle,  545 

disappearance  of,  in  nuitare  egg,  586 
Germinative  spot,  545 
Gills,  of  fish,  232 

of  menobranchus,  233 
Glands,  of  Brunner,  152 
mesenteric,  168 
vascular,  210 
Meibomian,  329 
perspiratory,  330 
action  of,  in  secretion,  324 
Glandul»  solitari»  and  agminatas,  162 
Globules,  of  blood,  213 
red,  214 

different  appearances  of,  under 

microscope,  214,  215 
mutual  adhesion  of,  215 
color,  consistency,  and  structure 

of;  216 
action  of  water  on,  217 
composition  of,  218 
size,  &c.,  In  different  animals, 
219 
white,  220 

action  of  acetic  acid  on,  221 
red  and  white,  movement  of,  in 
circulation,  297 
Globnline,  101,  218 
Glomeruli,  of  Wolffian  bodies,  656 
Glosso-pharyngeal  nerve,  4i)9 

action  of,  in  swallowing,  460 
Glottis,  movements  of,  in  respiration,  240 
in  formation  of  voice,  464 
closure  of,  after  section  of  pnenmo- 
gastrics,  467 
Glycine,  181 
Glyco-cholic  acid,  180 
Glyco-cholate  of  soda,  180 

iU  crystallisation,  178, 179 
Glycogenic  function  of  liver,  200 

in  fcBtus,  G49 
Glycogenic  matter,  204 

its  conversion  into  sugar,  204 
GossELiv,  experiments  on  imbibition  by 
cornea,  313 
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Graafian  follicles,  546,  567 

structure  of,  567 

rupture  of,  and  disoharge  of  egg,  568 

ruptured  during  menstruation,  672 

condition  of  fcstUB  at  term,  663 
Gray  substance,  of  nervous  system,  372 

of  spinal  cord,  380 

of  brain,  386 

its  want  of  irritability,  417 
Great  sympathetic,  514 

anatomy  of,  515 

sensibility  and  excitability  of,  517 

connection  of,  with  special  senses, 
518 

division  of,  influence  on  animal  heat, 
521 

on  pupil  and  eyelids,  522 

reflex  actions  of,  524 
Gubemaculum  testis,  65U 

function  of,  in  lower  animals,  661 
Gustatory  nerve,  452,  483 

Hammond,  Prof.  Wm.  A.,  on  effects   of 
non -nitrogenous  diet,  108 

on  production  of  urea,  344 
Hsmatine,  102,  218 
Hairs,  formation  of,  in  embryo,  643 
Hare-lip,  653 

Harvey,  on  motions  of  heart,  273 
Hearing,  sense  of,  505 

apparatus  of,  50G 

analogy  of  with  touch,  510,  511 
Heart,  265 

of  fish,  265 

of  reptiles,  266 

of  mammalians,  267 

of  man,  266 

circulation  of  blood  through,  270 

sounds  of,  270 

movements  of,  273 

impulse,  279 

development  of.  651,  678 
Heat,  vital,  of  animals,  253 

of  plants,  256 

how  produced,  257 

increased  by  division  of  sympathetic 
nerve,  261,521 
Hemispheres,  cerebral,  419 

remarkable  cases  of  injury  to,  419, 
420 

elTect  of  removal,  on  pigeons,  421 

effect  of  disease,  in  man,  422 

comparative  size  of,  indifferent  races, 
423 

functions  of,  425 

dovelopuient  of,  638 
Hemorrhage,  from  placenta,  in  parturi- 
tion, 633 
Hepatic  circulation,  339 

development  of,  675 
Herbivorous  animals,  respiration  of,  50, 
243 

urine  of,  346,  348 


Hernia,  congenital,  diaphragmatic,  651 
umbilical,  646 
inguinal,  661 
Hippurate  of  soda,  348 
Hunger  and  thirst,  continue  after  divi- 
sion of  pnenmogastric,  473 
Hydrogen,  displacement  of  gases  in  bloo*! 
by,  245 
exhalation  of  carbonic  acid    in  an 
atmosphere  of,  249 
Hygroscopic   property  of   organic    sub- 
stances, 97 
Hypoglossal  nerve,  477 

Imbibition,  307 

of  liquids,  by  different  tissues,  312 

by  cornea,  experiments  on,  313 
Impulse,  of  heart,  279 
Infant,  newly-born,  characteristics  of,  6ST 
Infiammation  of  eyeball,  after  divisioa 

of  5th  pair,  455 
Infusoria,  529 

different  kinds  of,  530 

conditions  of  their  production,  531 

Schultxe's  experiment  on  generation 
of,  532 
Inguinal  hernia,  congenital,  661 
Injection  of  placental  sinuses  from  ves- 
sels of  uterus,  627 
Inorganic  substances,  as  proximate  prin- 
ciples, 69 

their  source  and  destination,  78 
Inosculation,  of  veins,  291 

of  capillaries,  296 

of  nerves,  372 
Insalivation,  123 

importance  of,  131 

function  of,  132 
Inspiration,  how  accomplished,  236 

movements  of  glottis  iu,  240 
Instinct,  nature  of,  444 
Integument,  respiration  by,  252 

development  of,  643 
Intellectual  powers,  422 

in  animals,  444 
Intestine,  of  fowl,  117 

of  man,  119 

juices  of,  150 

digestion  in,  150-159 

epithelium  of,  172 

disappearance  of  bile  in,  106 

development  of,  593,  644 
Intestinal  digestion,  150 
Intestinal  juices,  151 

action  of,  on  starch,  153 
Involution  of  uterus  after  delivery,  635 
Iris,  movements  of,  367,  435,  51>1,  518 

after  division  of  sympathetic,  522 
Irritability,  of  gastric  mucous  membrane, 
137 

of  the  heart,  276 

of  muscles,  3>>9 

of  nerves,  391 
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Jackbov,  Prof.  Samuel,  on  digestion  of  fat 

in  intestine,  154 
Jaondice,  185 

yellow  color  of  nrine  in,  357 

Kidneys,  peculiarity  of  circulation  in, 
305 
elimination  of  medicinal  substances 

by,  367 
formation  of,  656 
KncHEiiMBisTBB,  experiments  on  produc- 
tion of  taenia  from  oysticercus, 
538 
of   cysticercus    from    eggs    of 
tsnia,  539 

Lachrymal  secretion,  332 

its  function,  333 
Lactation,  333 

variations  in  composition  of  milk 
during,  337 
Lacteals,  108, 170,  319 

and  lymphatics,  167,  172 
Larynx,  action  of,  in  respiration,  222 
in  formation  of  voice,  464 
nerves  of,  4i)2,  4G4 
protective  action  of,  466 
movements  in  respiration,  466 
Lassaigne,  experiments  on  saliva,  132 

analysis  of  lymph,  318 
Layers,  external  and  internal,  of  blasto- 

dermio  membrane,  688 
Lead,  salts  of,  action  in  distinguishing 

the  biliary  matters,  183 
Lbbmahn,  on  formation  of  carbonates  in 
blood,  76 
on  total  quantity  of  blood,  231 
on  effects  of  non-nitrogenous  diet, 
108 
Lens,  crystalline,  action  of,  495 
Leuckabt,  on  production  of  cysticercus, 

539 
LiEBiG,  on  absorption  of  different  liquids 

under  pressure,  310 
Ligament  of  the  ovary,  formation  of,  662 
Limbs,  formation  of,  in  frog,  594 
in  human  embryo,  642 
Liver,  vascularity  of,  338 
lobules  of,  338,  339 
secreting  cells,  339,  340 
formation  of  sugar  in,  200 
congestion  of,  after  feeding,  207 
development  of,  649,  675 
Liver  cells,  92,  340 

their  action  in  secretion,  340 
Liver-sugar,  formation  of,  200 
after  death,  203 
in  foBtns,  649 
Lobules,  of  lung,  235 
of  liver,  338,  339 
Local  production  of  carbonio  acid,  248 

of  animal  heat,  261 
Local  variations  of  circulation,  305 


LoHOBT,  on  interference  of  albuminose 
with  Trammer's  test,  143 
on  sensibility  of  glosso-pharyngeal 

nerve,  459 
on   irritability  of   anterior    spinal 
roots,  401 
LoNOET  AND  Matteucci,  experiment  on 
signs  of   electricity  in    an    irritated 
nerve,  397 
Long  and  short-sightedness,  496 
Lungs,  structure  of,  in  reptiles,  234 
in  man,  235 
alteration  of,  after  division  of  pnen- 
mogastricB,  469 
Lymph,  169,318 

quantity  of,  320 
Lymphatic  system,  168,  317 

Magnus,  on  proportions  of  oxygen  and 

carbonic  acid  in  blood,  245 
Male  organs  of  generation,  556 

development  of,  658 
Malpighian  bodies  of  spleen,  209 
Mammalians,  circulation  in,  267 
Mammary  gland,  structure  of,  333 

secretion  of,  334 
Mabcbt,  on  excretine,  160 
Maret,  M.,  experiments  on  arterial  pul- 
sation, 2iB5 
Mastication,  121 

unilateral,  in  ruminating  animals, 
127 

retarded  by  suppressing  saliva,  131 
Meconium,  648 
Medulla  oblongata,  384,  439 

ganglia  of,  385,  386 

reflex  action  of,  440 

effect  of  destroying,  442 

development  of,  638 
Meibomian  glands,  329 
Melanine,  103 

Membrane,  blastodermic,  688 
Membrana  granulosa,  567 
Membrana  tympani,  action  of,  508 
Memory,  connection  of,  with   cerobral 

hemispheres,  425 
Menobranchus,  size  of  blood-globules  in, 
220 

gills  of,  233 

spermatozoa  of,  557 
Menstruation,  570 

commencement  and  duration  of,  571 

phenomena  of,  571 

rapture  of  Graafian  follicles  in,  572 

suspended  during  pregnancy,  571, 
581 
Mesenteric  glands,  168,  317 
Michel,  Dr.  Myddleton,  rupturoof  Graaf- 
ian follicle  in  menstruation,  572 
Milk,  333 

composition  and  properties  of,  333, 
334 

microscopic  characters,  335 
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Milk,  sonring  and  coagnlation  of,  336 

yariationfl  in,  daring  lactation,  337 
Milk-Bugar,  83 

converted  into  lactic  acid,  336 
Mollusca,  neryoas  system  of,  375 
MooRB    AND    pEifirocK,  experiments    on 

movements  of  heart,  275 
Motion,  400 

Motor  cranial  nerves,  449 
Motor  nervous  fibres,  403 
Motor  ocnli  communis,  450 

extemus,  451 
Movements,  of  stomach,  145 

of  intestine,  164 

of  heart,  273 

of  chest,  in  respiration,  237 

of  glottis,  240 

associated,  408 

of  fc9tus,  631 
Mucosine,  101 
Mucous  follicles,  327 
Mucous  membrane,  of  stomach,  133 

of  intestine,  151 

of  tongue,  483 

of  uterus,  554,  615 
Mucus,  327 

composition  and  properties  of,  328 

of  mouth,  125 

of  cervix  uteri,  554 
Muscles,  irritability  of,  388 

directly  paralysed  by  sulpho-cyanide 
of  potassium,  390 

consentaneous  action  of,  430 

of  respiration,  236 
Muscular  fibres,  of  spleen,  208,  209 

of  heart,  spiral  and  circular,  277 
Muscular  irritability,  388 

duration  after  death,  388 

exhausted    by  repeated    irritation, 
390 
Musculine,  102 

Nails,  formation  of,  in  embryo,  643 
Nborier,  on  rupture  of  Graafian  follicle, 

in  menstruation,  572 
Nerve-cells,  372 
Nerves,  division  of,  372 

inosculation  of,  373 

irritability  of,  390 

spinal,  39S 

cranial,  446 

olfactory,  446 

optic,  447 

auditory,  447 

oculo-motorius,  450 

patheticus,  451 

motor  extemus,  451 

masticator,  452 

facial,  456 

hypoglossal,  477 

spinal  accessory,  474 

trifacial  (5th  pair),  451 

glosso-pharyngeal,  459 


Nerves,  pneumogastric,  4C1 

superior  and  inferior  laiyngeal,  462 

great  sympathetic,  514 
Nervous  filaments,  368 

of  brain,  309 

of  sciatic  nerve,  870 

motor  and  seuhitive,  375 
Nervous  force,  how  excited,  391 

nature  of,  395 
Nervous  tissue,  two  kinds  of,  368 
Nervous  irritability,  390 

how  shown,  391 

duration  of,  after  death,  391 

exhausted  by  excitement,  392 

destroyed  by  woorara,  393 

distinct  from  muscular,  395 

nature  of,  395 
Nervous  system,  365 

general  structure  and  Amotions  ot^ 
365-387 

of  radiata,  373 

of  mollusca,  375 

of  articulata,  376 

of  vertebrata,  379 

reflex  action  of,  374 
Network,  capillary,  in   Peyer's   glands, 
162 

in  web  of  frog's  foot,  296 

in  lobule  of  liver,  339 
Newly-born  infant,  weight  of,  687 

respiration  in,  687 

nervous  phenomena  of,  688 

comparative  size  of  organs  in,  689 
Newport,  on  temperature  of  insects,  256 
Nitric  acid,  action  of,  on  bile-pigment, 
184 

precipitation  of  uric  acid  by,  354 
Nitrogen,  exhalation  of,  in   respiration, 

242 
Nutrition,  61-364 

Obliteration,  of  ductus  venosus,  677 

of  ductuH  arteriosus,  680 
Oculo-motorins  nerve,  450 
(Esophagus,  paralysis  of,  after  divifiion 
of  pneumogastric,  463 
development  of,  645,  650 
:  (Estruation,  phenomena  of,  569 
Oleaginous  substances,  86 

in  different  kinds  of  food,  88 
condition  of,   in    the    tissues    and 

fluids,  88-93 
partly  produced  in  the  body,  93 
decompoifted  in  the  body,  94 

in  the  blood,  170 
indispensable  as  ingredients  of  the 

food,  107 
insufScient  for  nutrition,  108 
Olfactory  apparatus,  4bd 

protected  by  two  sets  of  muscles,  520 
commissures,  382,  418 
Olfactory  ganglia,  382,  418 
their  function,  418 
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Olfaotoxy  nerves,  489 
Olivary  bodies,  384 
Omphalo-mesenteric  Tesselfl,  666 
Ophtbalmio  ganglion,  514 
Optic  ganglia,  382, 434 
Optic  nerves,  447 

decussation  of,  436,437 
Optic  thalami,  418 

development  of,  638 
Organs  of  special  sense,  483,  489,  493, 
507 

development  of,  640 
Organic  substances,  95 

indefinite  chemical  composition  of, 
95 

hygroscopic  properties,  97 

coagulation  of,  98 

catalytic  action,  98 

putrefaction,  99 

source  and  destination,  104 

digestion  of,  141 
Origin,  of  plants  and  animals,  527 

of  infusoria,  529 

of  animal  and  vegetable  parasites, 
532 

of  encysted  entozoa,  534 
Ossification  of  skeleton,  642 
Odteine,  102 
Otic  ganglion,  515 
Ovary,  541 

of  tsnia,  541 

of  frog,  547 

of  fowl,  551 

of  human  female,  553 
Ovaries,  descent  of,  in  foetus,  661 

condition  at  birth,  663 
Oviparous  and  viviparous  animals,  dis- 
tinction between,  563 
Oxalic  acid,  produced  in  urine,  360 
Oxygen,  absorbed  in  respiration,  242 

daily  quantity  consumed,  242 

state  of  solution  in  blood,  245 

dissolved  by  blood-globules,  245 

absorbed  by  the  tissues,  248 

exhaled  by  plants,  260 

Palate,  formation  of,  653 
Pancreatic  juice,  153 

mode  of  obtaining,  154 

composition  of,  155 

action  on  fat,  155 

daily  quantity  of,  155 
Pancreatine,  101 

in  pancreatic  juice,  155 
Pajtizza,  experiment  on  absorption  by 

bloodvessels,  1G5 
Paralysis,  after  division  of  anterior  root 
of  spinal  nerve,  402 

direct,  after  lateral  injury  of  spinal 
cord,  405 

crossed,  after  lateral  injuxy  of  brain, 
405 

facial,  458  | 


Paralysis  of  muscles,  by  sulpho-oyanide 

of  potassium,  390 
of  motor  nerves,  by  woorara,  393, 

413 
of  sensitive  nerves,  by  strychnine, 

413 
of  voluntary  motion  and  sensation, 

after  destroying  tuber  annulare, 

438 

of  pharynx  and  CMophagus,  after 

section  of  pneumogastrios,  463 
of  larynx,  465,  467 
of  muscular  coat  of  stomach,  473 
Paraplegia,  reflex  action  of  spinal  cord 

in  411 
Parasites,  532 

conditions  of  development  of,  533 
mode  of  introduction  into  body,  534 
sexless,  reproduction  of,  535 
Parotid  saliva,  126 
Parturition,  633 

Par  vagum,  461.     See  Pnenmogastrio 
Patheticns  nerve,  451 
PsLouzR,  oompobition  of  glycogenic  mat- 
ter, 204 
Pelvis,  development  of,  642 
Pekkock  and    Moorb,  experiments    on 

movements  of  heart,  275 
Pepsine,  101 

in  gastric  juice,  139 
Perception  of  sensations,  after  removal 
of  hemispheres,  422 
destroyed,  after  removal  of  tuber 
annulare,  438 
Periodical  ovulation,  563 
Peristaltic  motion,  of  stomach,  145 
of  intestine,  164 
of  oviduct,  548,  550 
Pbrkims,  Maurice,  composition  of  parotid 

saliva,  126 
Perspiration,  330 

daily  quantity  of,  331 
composition  and  properties  of,  331 
function,  in  regulating  temperature, 
331 
Pettenkofer*8  test  for  bUe,  185 
Peyer's  glands,  162 

Pharynx,  action  of,  in  swallowing,  460, 
461 
formation  of,  650 
Phosphate  of  lime,  its  proportion  in  the 
animal  tissues  and  fluids,  74 
in  the  urine,  353 
precipitated  by  alkalies,  354 
Phosphate,  triple,  in  putrefying  urine, 

362 
Phosphates,  alkaline,  77 
in  urine,  353 
earthy,  74,  77 

in  urine,  353 
of  magnesia,  soda,  and  potassa,  77 
Phosphorus,  not  a  proximate  principle,  63 
Physiology,  definition  of,  49 
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Phrenology,  427 

objections  to,  428 

practical  difficulties  of,  428,  429 
Pigeon,  after  removal  of  cerebrum,  421 

of  cerebellum,  431 
Placenta,  621 

comparative  anatomy  of,  622 

formation  of,  in  human  apeoies,  623 

footal  tufts  of,  625 

maternal  sinuses  of,  626 

injection  of,  from  uterine  vessels, 
627 

function  of,  628 

separation  of,  in  delivery,  633 
Placental  circulation,  624,  628 
Plants,  vital  lieat  of,  256 

generative  apparatus  of,  540 
Plasma  of  the  blood,  223 
Piieumio  acid,  247 
Pneumoga-strio  nerve,  461 

its  distribution,  462 

action  of,  on  pharynx  and  oesopha- 
gus, 463 
on  larynx,  464 
in  formation  of  voice,  464 
in  respiration,  iiiH 

effect  of  its  division  on  respiratory 
movements,  4()6,  467 

cause  of  death  after  division  of,  470 

influence  of,  on  oesophagus  and  sto- 
mach, 473 
Pneumogastric  ganglion,  461 
PoooiALE,  on  glycogenic  matter  in  but- 
cher's meat,  205 
Pons  Varolii,  387 
Jortal  blood,  quantity  of  fibrin  in,  224 

temperature  of,  262 
Portal  vein,  in  liver,  338 

development  of,  675 
I  Posterior  columns  of  spinal  cord,  381 
J'rimitive  trace,  590 
Production,  of  sugar  in  liver,  200 

of  carbonic  acid,  246 

of  animal  heat,  253 

of  urea  in  blood,  343 

of  infusorial  animalcules,  529 

of  animal  and  vegetable  parasites, 
532 
Proximate  principles,  61 

detiiiiti(»n  of,  63 

mode  of  extraction,  64 

manner  of  their  association,  65 

varying  proportions  of,  6«5 

three  distinct  classes  of,  67 
Proximate  principles  of  the  first  class 
(inorganic),  69 

of  the  second  class  (crystallizable 
substances  of  organic  origin),  79 

of   the   third   class    (organic    sub- 
stances), 95 
Ptyaline,  124 
l*uberty,  period  of,  565 

signs  of,  in  female,  570 


Pulsation,  of  heart,  270 

in  living  animal,  274 

of  arteries,  2b2 
Pupil,  action  of,  367,  435 

contraction  of,  after  division  of  sym< 
pathetic,  522 
Pupillary  membrane,  640 
Putrefaction,  99 

of  the  urine,  358 
Pyramids,  anterior,  of  medulla  oblooo 
gata,  384 

Quantity,  daily,  of  water  exhaled,  71 

of  food,  113 

of  saliva,  128 

of  gastric  juice,  147 

of  pancreatic  juice,  155 

of  bile,  188 

of  air  used  in  respiration,  238 

of  oxygen  used  in  respiration,  242 

of  carbonic  acid  exhaled,  250 

of  lymph  and  chyle,  320 

of  fluids  secreted  and  reabsorbed,  323 

of  material  absorbed  and  discharged, 
363 

of  perspiration,  331 

of  urine,  349 

of  urea,  344 

of  urate  of  soda,  348 
Quantity,  entire,  of  blood  in  body,  231 

Rabbit,  brain  of,  383 

Races  of  men,  different  capacity  of,  for 

civilization,  424 
Radiata,  nervous  system  of,  373 
:  Rapidity  of  circuLation,  302 
Reactions,  of  starch,  82 

of  sngar,  84 

of  fat,  86 

of  saliva,  124,  125 

of  gastric  juice,  139 

of  intestinal  juice,  153 

of  pancreatic  juice,  155 

of  bile,  175 

of  mucus,  328 

of  milk,  334 
I  of  urine,  353 

Reasoning  powers,  425 

in  animals,  444 
Red  globules  of  blood,  213 
Reflex  action,  374 

in  centipede,  377 

of  spinal  cord,  408 

of  medulla  oblongata,  440 

of  tuber  annulare,  443 

of  brain,  444 

of  optic  tubercles,  435 

in  newly  born  infant,  688 
Regeneration,  of  uterine  mucous  mem« 
brane  after  pregnancy,  633,  634 

of  walls  of  uterus,  635 
Reonai'lt  and  Reiset,  ou  absorption  of 
oxygen,  243 
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Rbid,  Dr.  John,  ezperimeDt  pn  crossing 

of  streamH  in  fcetal  heart,  682 
Reproduction,  525 

natare  and  object  of,  525,  527 

of  parasites,  533 

of  taenia,  538 

by  germs,  540 
Reptiles,  circulation  of,  266 
Respiration,  232 

by  gills,  233 

by  lungs,  234 

by  skin,  252 

changes  in  air  during,  241 

changes  in  blood,  243 

of  newly  born  infant,  687 
Respiratory  movements  of  chest,  23G 

of  glottis,  240 

after  section  of  pnenmogastrics,  4GG 

after  injury  of  spinal  cord,  441 
Restiform  bodies,  385 
Rhythm  of  heart's  movements,  279 
Rotation  of  heart  during  contraction,  278 
Hound  ligament  of  the  uterus,  formation 
of,  662 

of  liver,  677 
Rumination,  movements  of,  118, 127 
Rupture  of  Graafian  follicle,  568 

in  menstruation,  572 
Rutting  condition,  in  lower  animals,  509 

Saccharine  substances,  83 

in  stomach  and  intestine,  150 

in  liver,  200 

in  blood,  207 

in  urine,  357 
SaUva,  123 

different  kinds  of,  125 

daily  quanti^  of,  127 

action  on  boiled  starch,  129 

variable,  130 

does  not  take  place  in  stomach,  130 

physical  function  of  saliva,  131 

quantity  absorbed  by  different  kinds 
.     of  food,  132 
Salivary  glands,  125 
Salts,  biliary,  177 

of  the  blood,  226 

of  urine,  353 
Saponification,  of  fats,  87 
ScHABLiiro,on  diurnal  variations  in  exha- 
lation of  carbonic  acid,  252 
ScuuLTZB,  experiment  on  generation  of 

infusoria,  531 
Scolopendra,  nervous  system  of,  376 
Sebaceous  matter,  328 

composition  and  properties  of,  329 

function  of,  329 

in  foetus,  643 
Secretion,  324 

varying  activity  of,  326 

of  saliva,  125 

of  gastric  juice,  137 

of  intestinal  juice,  152 


Secretion  of  pancreatic  juice,  154 

of  bile,  188,  337 

of  sugar  in  liver,  200 

of  mucus,  327 

of  sebaceous  matter,  828 

of  perspiration,  330 

of  the  tears,  332 

of  bile  in  foetus,  649 
Segmentation  of  the  vitellus,  587 
Seminal  fluid,  556 

mixed  constitution  of,  560 
Sensation,  S98 

remains  after  destruction  of  hemi- 
spheres, 422 

lost  after  removal  of  tuber  annulare, 
438 

special  conveyed  by  pneumogastric 
nerve,  440,  466,  468 
Sensation  and  motion,  distinct  seat  of,  in 
nervous  system,  4(>0 

in  spinal  cord,  403 
Sensibility,  of  nerves  to  electric  current, 
391 

and  excitability,  definition,  of,  400 

seat  of,  in  spinal  cord,  403 

in  brain,  417 

of  facial  nerve,  459 

of  hypoglossal  nerve,  477 

of  spinal  accessory,  475 

of  great  sympathetic,  517 
Sensibility,  general  and  special,  478 

special,  of  olfactory  nerves,  446, 489 

of  optic  nervcH,  447 

of  auditory  nerves,  447 

of  lingual  branch  of  5th  pair,  484 

of  glosso-pharyngeal,  460 

of  pneumogastric,  4U8 
Sensitive  nervous  filaments,  375 
Sensitive  fibres,  crossing  of,  in  spinal  cord, 
405 

of  facial  nerve,  source  of,  459 
Sensitive  cranial  nerves,  449 
Septa,  inter-auricular  and  inter-ventri- 
cular, formation  of,  678,  680 
S£quakd,  on  crossing  of  seusitive  fibres 

in  spinal  cord,  4u5 
Serum,  of  the  blood,  227 
Sexes,  distinctive  characters  of,  540 
Sexless  entozoa,  534 
Sexual  generation,  540 
Shock,  effect  of,  in  destroying  nervous 

irritability,  393 
SiBiioLD,  on  production   of  taenia  from 

cysticercus,  538 
Sight,  492 

apparatus  of,  493.     See  Vision. 
Sinus  termiualis,  of  area  vasculosa,  665 
Sinuses,  placental,  624,  026 
Skeleton,  development  of,  641 
Skin,  respiration  by,  252 

sebaceous  glands  of,  328 

perspiratory  glands  of,  330 

development  of,  643 
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Smell,  4S8 

ganglia  of,  382,  489 

nerves  of,  446,  489 

injared  by  division  of  5tli  pair,  454 
Smith,  Dr.  Southwood,  on  cataneous  and 

pulmonary  exhalation,  331 
Solar  plexus  of  sympathetic  nerye,  516 
Solid  bodies,  vision  of  with  two  eyes,  502 
Sounds,  of  heart,  270 

how  produced,  271 

Tocal,  how  produced,  464 

destroyed  by  section  of  inferior  la- 
ryngeal nerves,  465 
of  spinal  accessory,  475 
Sounds,  acute  and  grave,  transmitted  by 

membrana  tympani,  508 
Special  senses,  478 
Species,  mo<le  of  continuation,  527 
Spermatic  fluid,  556 

mixed  constitution  of,  5G0 
Spermatozoa,  556 

movements  of,  558 

formation  of,  559 
Spina  bifida,  641 
Spinal  accessory,  474 

sensibility  of,  475 

communication  of,  with  pneumogas- 
trio,  475 

influence  of,  on  larynx,  475 
Spinal  column,  formation  of,  591,  641 
Spinal  cord,  379,  398 

commissures  of,  381 

anterior  and  posterior  columns,  381 

origin  of  nerves  from,  380 

sensibility  and  excitability  of,  403 

crossed  action  of,  404 

reflex  action  of,  408 

protective  action  of,  413,  414 

influence  on  sphincters,  414 

effect  of  injury  to,  414 

on  respiration,  441 

formation  of,  in  embryo,  591, 645 
Spinal  nerves,  origin  of,  380 
Spleen,  208 

Malpighian  bodies  of,  209 

extirpation  of,  211 
Spontaneous  generation,  527 
Starch,  79 

proportion  of,  in  dilTerent  kinds  of 
food,  80 

varieties  of,  80-82 

reactions  of,  82  r 

action  of  saliva  on,  120 

digestion  of,  150 
Starfish,  nervous  system  of,  373 
Stercorine,  160 
Stereoscope,  503 

St.  Martin,  case  of  gastric  fistula  in,  135 
Strabismus,  after  division  of  motor  oculi 
communis,  4r)l 

of  motor  extenius,  451 
Striated  bodies,  419 
Sublingual  gland,  secretion  of,  125 


Submaxillary  ganglion,  514 
gland,  secretion  of,  125 
Sudoriparous  glands,  330 
Sugar,  83 

varieties  of,  83 

composition  of,  84 

tests  for,  84 

fermentation  of,  85 

proportion  in  different  kinds  of  food, 

86 
source  and  destination,  86 
produced  in  liver,  200 
discharged  by  urine  in  disease,  357 
Sugar  in  liver,  formation  of,  200 
percentage  of,  202 
produced  in  hepatic  tissue,  203 
from  glycogenic  matter,  204 
absorbed  by  hepatic  blood,  206 
decomposed  in  circulation,  206 
Sulphates,  alkaline,  in  urine,  353 
Sulphur  of  the  bile,  181 

not  discharged  with  the  feces,  197 
Swallowing,  131 

retarded  by  suppression  of  saliva, 

133 
by  division  of  pneumogastric,  463 
Sympathetic  nerve,  514 
its  distribution,  515 
sensibility  and  excitability  of,  517 
influence  of,  on  special  senses,  518 
on  pupil,  518 

on  nutrition  of  eyeball,  455 
on  nasal  passages,  520 
on  ear,  520,  521 

on   temperature  of    particular 
parts,  521 
reflex  actions  of,  524 

Tadpole,  development  of,  592 

transformation  into  frog,  594 
Tenia,  536 

produced  by  metamorphosis  of  cys- 
ticercus,  538 

single  articulation  of,  541 
Tapeworm,  636 

mode  of  generation,  537 
Taste,  481 

nerves  of,  483 

conditions  of,  485 

injury  of,  by  paralysis  of  facial  nerve, 
487 
Taurine,  181 
Tauro-cholate  of  soda,  181 

microscopic  characters  of,  179 
Tauro-cholic  acid,  181 
Tears,  332 

their  function,  332 
Teeth,  of  serpent,  121 

of  polar  bear,  122 

of  horse,  122 

of  man,  123 

first  and  second  sets  of,  689 
Temperature  of  the  blood,  254 
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Temperature  of  different  species  of  ani- 
mals, 255 

of  the  blood  in  different  organs,  262 

elevation  of,  after  section  of  sympa- 
thetio  nerve,  261,  521 
Tensor  tympani,  action  of,  506,  508 
Tests,  for  starch,  82 

for  sngar,  84 

for  bile,  184 

Pettenkofer's,  185 
Testicles,  559 

periodical  activity  of,  in  fish,  5G1 

development  of,  658 

descent  of,  658,  659 
Tetanus,  pathology  of,  410 
Thalami,  optic,  in  rabbit,  383 

in  man,  418 

function  of,  419 
Thoracic  dact,  168, 170 
Thoracic  respiration,  441 
Tongue,  motor  nerve  of,  477 

sensitive,  452,  456,  483 
Trichina  spiralis,  535 
Tricuspid  valve,  268.    See  Anriculo- ven- 
tricular 
Triple  phosphate,  In  putrefying  urine,  362 
Trommer^s  test  for  sugar,  84 

interfered  with  by  gastric  juice,  143 
Tuber  annulare,  386, 438 

effect  of  destroying,  438 

action  of,  439 
Tnbercula  quadrigemina,  382,  431 

reflex  action  of,  435 

crossed  action  of,  436 

development  of,  637,  638 
Tubules  of  uterine  mucous  membrane, 

615 
Tufts,  placental,  625 

Tunica  vaginalis  testis,  formation  of,  6 GO 
Tympanum,  function  of,  in  hearing,  508 

Umbilical  cord,  formation  of,  631 

withering  and  separation  of,  689 
Umbilical  hernia,  646 
Umbilical  vesicle,  596 

in  human  embryo,  597 

in  chick,  604 

disappearance  of,  631 
Umbilical  vein,  formation  of,  669 

obliteration  of,  677 
Umbilicus,  abdominal,  592 

amniotic,  600 

decidual,  617 
Unilateral   mastication,  in  ruminating 

animals,  127 
Urate  of  soda,  347 

its  properties,  source,  daily  quantity, 
&c.,  348 
Urates  of  potassa  and  ammonia,  348 
Urachus,  647 
Urea,  343 

source  of,  343 

mode  of  obtaining,  344 

45 


Urea,  conversion  into  carbonate  of  am- 
monia, 344 
daily  quantity  of,  344 
diurnal  variations  in,  345 
decomposed  in  putrefaction  of  urine, 
360 

Uric  acid,  347,  354 

Urine,  349 

general  character  and  properties  of, 

349 
quantity  and  specific  gravity,  350 
diurnal  variations  of^  351 
composition  of,  352 
reactions,  353 

interference  withTrommer's  test,  355 
accidental  ingredients  of,  355 
acid  fermentation  of,  359 
alkaline  fermentation  of,  360 
final  decomposition  of,  363 

Urinary  bladder,  paralysis  and  inflam- 
mation of,  after  injuxy  to  spinal 
cord,  415 
formation  of,  in  epibryo,  647 

Urosacine,  103 

Uterus,  of  lower  animals,  553 
of  human  female,  554 
mucous  membrane  of,  614 
changes  in,  after  impregnation,  615 
involution  of,  after  delivery,  634 
development  of,  in  foetus,  661 
position  of,  at  birth,  663 

Uterine  mucous  membrane,  614 
tubules  of,  615 
conversion  into  decidua,  615 
exfoliation  of,  at  the  time  of  delivery, 

633 
its  renovation,  634 

Valve,  Eustachian,  681 

of  foramen  ovale,  684 
Valves,  cardiac,  action  of,  268 

cause  of  heart's  sounds,  271 
Vasa  deferentia,  formation  of,  658 
Vapor,  watery,  exhalation  of,  71 

from  lungs,  242 

from  the  skin,  252 
Variation,  in  quantity  of  bile  in  different 
animals,  188 

in  production  of  liver-sugar,  202 

in  size  of  spleen,  208 

in  rapidity  of  coagulation  of  blooil, 
227 

in  size  of  glottis  in  respiration,  240 

in  exhalation  of  carbonic  acid,  25U 

in  temperature  of  blood  in  different 
parts,  262 

in  composition  of  milk  during  lac- 
tation, 337 

in  quantity  of  urea,  345 

in  density  and  acidity  of  urine,  SfiO 
Varieties  of  starch,  80 

of  sugar,  83 

of  fat,  86 
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Varieties  of  biliary  salts  in  differeut  ani- 
mals, 182 
Vegetable  food,  necessaxy  to  man,  106 
Vegetable  parasites,  532 
Vegetables,  prodaotion  of  heat  in,  256 

absorption  of  carbonic  acid  and  ex- 
halation of  oxygen  by,  49,  2G0 
Vegetative  functions,  68 
Veins,  290 

their  resistance  to  pressure,  290 

absorption  by,  165 

action  of  valves  in,  293 

motion  of  blood  through,  291 

rapidity  of  circulation  in,  294 

omphalo-mesenteric,  666 

umbilical,  669 

vertebral,  672 
VeniB  cava,  formation  of,  673 

position  of^  in  foBtus,  681 
Vena  azygos,  superior  and  inferior,  for- 
mation of,  673 
Venous  system,  development  of,  672 
Ventricles  of  heart,  single  in  fish  and 
reptiles,  265,  266 
•  double  in  birds  and  mammalians, 
267 

situation  of,  268 

contraction  and  relaxation  of,  269 

elongation  during  contraction,  275 

muscular  fibres  of,  277 
Vemix  caseosa,  643 
Vertebrata,  nervous  system  of,  378 
Vertebra,  formation  of,  591,  641 
Vesicles,  adipose,  90 

pulmonary,  235 

seminal,  560 
Vesioulffl  seminales,  560 

formation  of,  660 
Vicarioas  secretion,  non-existence  of,  325 
Vicarioas  menstruation,  nature  of,  325 
Villi,  of  intestine,  163 

absorption  by,  164 

of  chorion,  609-611 
Vision,  492 

ganglia  of,  382,  434 

nerves  of.  447,  493 

apparatus  of,  493 

distinct,  at  different  distances,  496 

circle  of,  499 


Vision,  of  solid  bodies  with  both  eyes,  502 
Vital  phenomena,  their  nature  and  i>ecn- 

liarities,  54 
Vitellus,  541 

segmentation  of,  587 

formation  of,  in  ovary  of  foetus,  663 
Vitelline  circulation,  665 

membrane,  544 

spheres,  587 
Vocal  sounds,  how  produced,  464 
Voice,  formation  of,  in  larynx,  464 

lost,  after  division  of  spinal  acces- 
sory nerve,  475 
Volition,  seat  of,  in  tuher  annulare,  438 
Vomiting,    peculiar,   after    division    of 
pueumogastrics,  473 

Water,  as  a  proximate  principle,  69 

its  proportion  in  the  animal  tissues 

and  fiuids,  70 
its  source,  70 

mode  of  discharge  from  the  body,  71 
Weight  of  organs,  in  comparative,  newly 

bom  infant  and  adult,  689 
White  globules  of  the  blood,  220 
action  of  acetic  acid  on,  221 
sluggish  movement  of,   in  circula- 
tion, 297 
White  substance,  of  nervous  system,  368 
of  Schwann,  368 
of  spinal  cord,  380 
of  brain,  insensible  and  inezcitable, 
417 
Withering  and  separation  of   umbilical 

cord,  after  birth,  689 
Wolffian  boilies,  655 
structure  of,  656 
atrophy  and  disappearance  of,  656, 

657 
vestiges  of,  in  adult  female,  662 
Wymax,  Prof.  Jeff'ries,  on  cranial  nerves 
of  Rana  pipiens,  449 
fissure  of  hare-lip  on  median  line, 
637 

Yellow  color,  of  urine  in  jaundice,  357 
of  corpus  luteum,  579 

Zona  pellucida,  544 
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Catalogues  of  our  numerous  publicatiofis  in  miscellaneous  and  educational  litera- 
feore  forwarded  on  application. 


The  atteotioa  of  physicians  is  eepecially  iiolicited  to  the  following  important  new  works 
and  new  editions,  ju«t  issued  or  nearly  ready : — 

Bowman's  Medical  Chemistry,  a  new  e**  it  ion, Seepage    4 

Bowmau's  Practical  Chemistry,  a  new  edition, *  "  4 

Bennett  on  \  he  Uterus,  Mixth  edition, *<  4 

Bumxtead  on  Venereal,  second  edition, **  5 

Barclay  on  Medical  Diagnosis,  third  edition, **  d 

Brande  and  Taylor's  Chemistry, **  <» 

Dalton's  Human  Physiology,  3d  edition,       .        .                ....**  11 

Dunglison's  AAedical  Diciionary,  a  rdvised  edition,  1905,    ....  «  1^ 

Ellib' Formulary,  new  edition, **  13 

Erichsen'si  ^y>tem  of  Surgery,  a  revised  edition, <<  14 

Flint  on  the  Hearty <«  14 

Gross's  System  o(  Surgery,  third  edition, **  16 

Gray's  Anatomy,  Descriptive  and  Surgical,  2d  edition,        ....**  17 

Hamilton  on  Fractures  and  Dislocations,  second  edition,      ....  **  IS 

Hodge's  Olwfetrics, "  ly 

MeigH'  Obstetrics,  fourth  edition, *«  Ml 

Parrish's*  Practical  Pharmacy,  a  new  edition, **  2*^ 

Smith  on  Consumption, **  2t$ 

Stille's  Therapeutics  and  Materia  Medica,  second  edition,  ....**  >7 

Simpson  on  Diseases  of  Women, "  27 

Salter  on  Asthma, "  27 

Slade  on  Diphtheria,  new  edition **  27 

Sargent's  Minor  Surgery,  new  edition, **  2S 

Watson'H  Practice  oi  Physic, *'  30 

Wilson  on  the  Skin,  filth  edition, *<  31 


NO  INCREASE  OF  PRICE. 

TWO   MEDICAL   PERIODICALS, 

GoAtalAlnff  nearly  Fifteen  Hundred  larg^e  •etaTO  pa^ety 

FOR  FIVE  DOLLARS  PER  AJVlVVifl. 

THE  AMERICAN  JOURNAL  OF  THE  MEDICAL  SCIENCES,  subjeot 
to  postage,  when  notpaid  for  in  advanoe,   - $5  00 

THE  MEDICAL  NEWS  AND  LIBRARY,  inTariabW  in  adTance,  •      1  00 

or,  BOTH  PERIODICALS  foF  Fivo  Dollars  remitted  in  adyance. 
1 


BLANOHARD   if  LKA'8   MEDICAL 


Hill  be  obKrvnl  Ihal 


OT.the  «A^5^^ 


CHEAPEST   OF    AMERICAN   MEDICAL   PERIODICALS. 

The  (lublipbtiris  irui^t  thai  tbiii  course  will  be  responded  lo  by  inr  pmreuioil   In  a  bbontl  iocnue 
toltw  AubBcnplJuu  ItHl. 

THE  AMERICAN  JOURNAL "oF  THE  MEDICAL  SCIENCES. 
Edited  bt  ISAAC   HAV8,  M.  D., 

il  January,  April,  July,  and  Ociohcr.    Elcli  anmberconurat 
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al  iiilormaMod  on  every 
:«entillcd,  wittloul  further  charge, 

THK  MEDICAL  NEWS  AND  LIBRARY, 

y  pBnuUii'ai  ul  ininy-iwu  laige  uuiavo  pagca.    lii  ■■  N«WB  Utf«aTMS)i/' 
urreu  mlbrniatlun  uflhc  day,  while  the  "UBKarY  DtPAKTHKnT"  isdevniedlo  prr 
ard  works  on  various  braiicben  of  me-icoo.    Wilhio  a  few  year.,  gubMrilion>  have 
without  ripenee,  many  Works  ul  the  higlie*!  characler  and  praolical 
Praiuiuc,"  "Todd  and  Bowman's  Phyilulogy,"  ••  i/lMmnaun'..  r^inr-^ 
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B^  O.  Himittliild  Jnne.,  M.  D..  F.  R.  3.,  Ac. 
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AMD   90IKNTIPI0   PUBLICATIONB. 


A8HTON  (T.  J.), 
Barf  600  |o  die  Bleahoim  Diapflqatry,  Ae. 

ON  THE  DISEASES,  INJURIES,  XND   MALFORMATIOXS  OF  THE 

RECTUM  AND  ANUS;  with  ramarks  on  Habitual  Con«tipauaa.    From  tbe  third  and  ealarged 


London  edition     With  handsome  illutttnAtioa*. 
o(  about  300  pagea,  extra  cloth.    $3  00. 

The  BKNit  eomplece  ooe  we  puMeaa  oa  tiie  aabjeet. 
M0di€<h-Ckirmrgicmi  Rnrnw. 

We  are  aatitfted,  after  a  earefal  exaMiaatiao  f»f 
the  volame,  aud  a  euapariaua  of  lU  eouteau  wita 
Ihoee  uf  iu  leadiag  aredeeecMora  aaU  coa  tempo  ranee, 
that  Che  beat  way  far  the  reader  cu  avail  ainuelf  of 


la  one  Tery  beautifully  priuted  octav^o  volume, 

the  cxeelteat  adriee  riven  la  the  eoaeladiag  para- 
graph above,  wtMild  be  to  provide  hiioself  with  a 
c  *py  of  the  biH»k  froio  which  it  hai  been  taken,  and 
diligeatly  to  cou  iti  iB«cruetive  pages  Tuey  iBiAy 
secure  to  him  m  lay  a  in umpn  aad  t'erveat  bleesiag . — 
4m.  Jonmai  BUd.  Se««»e<«.  ^ 


ALLEN   (J.    M.),    M.  O., 
Profeeaor  aC  ADatomy  in  the  Penaayivaoia  Medieal  Oolfege,  Aa. 

THE  PRACTICAL  ANATOMIST;  or,  The  Student's  Guide  iu  the  Dissecting. 

ROOM.     With  306  idaatratioBii.   (n  one  handaome  royal  12mo.  Tolume,  of  over  600  pagea,  extra 
eloth.    %U  00. 


We  believe  it  to  be  one  of  the  aioit  aaeftil  worka 
apoa  the  aabjeet  ever  written.  It  it  handsomely 
Uloatrated,  vrell  printed,  and  will  befouad  of  con* 
▼eaient  sise  for  aae  in  the  dtsaeetinff-ro<Ma.— Midi. 

However  valuable  may  be  the  "  Oisaeetor'a 
Gaidea'*  which  we,  of  late,  have  had  oecaaioa  to 


Botlce,  we  feel  conideat  that  the  work  of  Dr.  Allea 
ta  superior  to  any  ot  then  We  believe  with  tae 
lathor,  thataoae  ia  so  fally  illaatrated  as  this,  and 
the  arraagement  of  the  work  la  aueh  aa  to  facilitate 
the  lab4»ra  of  tha  atudaat.  Wa  moat  eordiiUy  re- 
commead  it  ta  their  attaatioa.—ir«<ttr»  Lamut. 


ANATOMICAL  ATLAS. 

By  Professors  H.  H.  Smith  and  VV.  E.  HoBNBa  of  the  University  of  Pennsyl- 

Tanta.    1  vol.  8vo.,  extra  duih,  with  nearly  630  illu<«iraiiona.    tST  See  Smitic,  p.  26.  , 

ABEL  (F.   A.),    F.  C.  S.    AND   C.    L.    8LOXAM.  'i' 

HANDBOOK  OF  CHEMISTRY,  Theoretioal,  Praotioai,  and  Technied;  with  a 

Recommendatory  Prefaoe  by  Dt»  Uofkanr.    In  one  large  octavo  volume,  extra  cloth,  of  66S 
pagea,  with  illuauationa.    $4  25. 

ASH^ELL  (SAMUEL),  M.  O., 
Obatetric  Phyaician  and  Laetarer  to  Gny'a  Hospital,  London. 

A  PRACTICAL  TREATISE  ON  THE  DISEASES  PECULIAR  TO  WOMEN. 

Illustrated  by  Caaes  derived  from  Hoapital  and  Private  Practice.  Third  American,  from  the  Third 
and  revised  London  edition,     (n  one  octavo  volume,  extra  doth,  of  528  pagea.    $3  50. 

The  moat  able,  aad  certainly  the  moat  standard 
and  practical,  work  on  female diaeaaes  that  we  have 
yet  seen.— M«d»«o-CA«r«fgteai  RtvUw. 


The  most  uaeful  practical  work  on  the  subjeet  in 
the  Bnalish  laaguage.  —  Bm<o«  Med.  and  Surg. 


AANOTT  (NEILL)|M.O. 
BLEMENTS    OF    PHYSICS;    or  Natural  Philosophy,  General  and  Medical. 

Written  lor  universal  use,  in  plain  or  non-technical  language.  A  new  edition,  by  Isaac  Hayi, 
M.  D.  Complete  in  one  ocuvo  volume,  leather,  of  4S4  pagea,  with  about  two  hundred  illustra 
tioas.    S2  25. 

BIRD  (QOLOINQ),  A.  M.,  M.  D.,  Jhe. 

URINARY     DEPOSITS:     THEIR     DIAGNOSIS,    PATHOLOGY,    AND 

THERAPEUTICAL  INDICATIONS  Edited  by  Eoxund  Lix>to  Birkktt,  M.  D.  A  new 
American,  from  the  Uat  and  enlarged  London  edition.  With  eighty  illustrations  on  wood.  In  one 
handsome  octavo  volume,  of  ajoul  400  pages,  extra  cloth.    $3  00. 


Itcan  scarcely  be  neeeasary  for  us  to  say  anything 
of  tbe  merits  of  thia  weil-known  Treatiae,  wnich  so 
adiiiirably  briags  iato  practical  application  the  re- 
aulta  of  thoae  microscopical  and  chemical  re- 
aearches  rtgarding  the  physiology  and  patnulogy 
4/f  the  urinary  secretion,  which  have  contributed  sii 
much  to  tae  ijicrease  of  oar  diagnostic  powers,  and 


to  the  extenait>n  and  satisfactory  employment  of  oar 
therapeutic  resources.  I  a  the  preparation  of  thia 
new  ( dition  of  his  work,  it  isouvious  that  Ur.  Gold- 
ing  Bird  Has  spared  no  pains  to  render  it  a  faitnful 
re^resentatiou  of  the  present  state  of  scientific 
knowledge  on  the  suojeet  it  etuuraccs. — Brttiskt 
Foreign  Mtd.-Chir.  Rivitw. 


BARLOW  (QEORQE  H.),  M.  D. 
Physician  to  Gay'a  Hospital,  London,  Ao. 


A  MANUAL  OF  THE  PRACTICE  OF  MEDICINE.     With  Additions  by  D. 

p.  CoNDiB,  M.  D.,  author  of^*^  A  Practical  Treatise  on  Diseases  of  Children,"  dec.    In  one  hand. 


some  octavo  volume,  extra  cloth,  of  over  600  pages.    $2  50. 

We  recommendDr.  Barlow's  Manual  ia  the  warm- 
aat  manner  aa  a  moat  valuable  vade-m^um.  We 
have  had  frequent  oecaaion  to  consult  it,  aad  have 


found  it  clear,  concise,  practical,  aad  sound.— ^as^ 
ton  M*d. amd  Surg.  Jourttml. 


BUCKLER  ON  THE  KTIOLOOV,  PATHOLOGY 
AND   TKEATMENT  OP   FIBRO-BRONCHI- 
TIS  AND   RHEUMATIC   PNEUMONIA.     U 
one  8vo.  volame,  extra  cloth,    pp.  160.    91  S6. 

BRODIE>8   CLINICAL  UkfiCTLIRKtt  ON   BUR 
GE&Y.    Ivol.Svo.  aloth.   310 pp.    91  U 


BLOOD    AND    URINE  (MANUALS  0.\).    BY 

i^J^Ji^'^^^k^^'^  GRIFFITH,  G.  OWEN 
REESE,  AND  ALFRBD  MARliwiCK.  One 
thick  volame,  royal  Umo.,  extra  eloth,  with 
pUtaa.   pp.  4(H).    «!  Jtt.        '  >        "• 


BLAIfCHARD  ft;  I.GA'B  MBDIOAL 

BUDO  (GEO ROE),  M.  D.,  P.  R.  8., 

ProCdiKn-  of  Medirtas  In  Kinf''  OiMlffe,  Lnadna. 

ON  DISEASES  OF  THE  LIVER.      Third  Amcricftn,  from   Ae  third  ni 

enlarged  Lcmiloii  ediiion.    In  one  very  hBadROine  octavo  volume,  eilra  clolfc,  witli  four  k«Mnl- 

ftilly  coiorpil  plalet,  uiiJ  niimeroni  wood-^'aM.     pp.  900.     f  3  75. 

HaarnlrljreiuhlitKeiirni  iiicir*  plai c  iirnnr  the  ;  ihc  icxi  Mif  nHxtilrlklBunerelllnvhlckMnflM- 
claMlMl  ntHlint  lilrrnlHte  •>!  Rnglan) — £  nliit  I  nKlorixnl  Ilia  n«M  prnrrca  of  heratiB  P^ri'i'ivr 
and  nnim  «i4>c*-C*4r.  Btrim.  4Dil  [Aibi)]i«v:  to  l)MianiK>a«lilta  a>»  «r  t)n  bait 

■«waaWBda.dworkliMtdlwllllenilura,ai.ddiii.  I  »i,h  .hj  „,^r™nf  »Uk1«ii'«1«<*/ II  I.  .W.  btal 
■  Bg  Ihe  iBlarvni.  whlc-»i  have  elaiuad  belwm  Ihe  :  ^^^  „,  fcjMM  of  Iha  l.lvtr  la  any  laB(aa«*.- 


BUCKN1LL  H:  C),  M.  D.,  *ni>        DANIEL   H.   TUKE,   M.  D., 

A  MANUAL  OP   PSrCHOLOGICAL   MEDICINE;  eonUuning  tbe  Hialort, 

Nwolugy.  Deo-nplir.ii,  Slalisiicx,  Diacnook,  Paihalogy,  and  Treaimnnl  of  InIaMITT.     WM 

a  PlMB,     In  ore  bamilKune  oclavu  volume,  ol  536  pogat,  nlra  rlolh.    tA  OO. 

Tbe  iDcreate  ol  menial  dii«aM  In  u>  vuioua  lormii,  and  Ihe  diflUull  quetlion*  to  whtcb  H  U 

Boli>lantl;r  Riving  mm,  nuder  (he  cubject  nw  of  daily  KnhaaGwl  Inieiwl,  requirrag  oa  lb*  fan  a( 

Ike  phy>iciBn  a  cuntluily  greater  fNoiiliarily  with  (hit,  the  nio«l  perplexing  branch  of  bin  profra- 

.=__      <r...  ..^.,1 .1.. ranee  of  the  pietrnt  volume  there  hai  been  for  Bome  yeara  no  wort  «& 


niry,  prevenling  the  i 
and  the  greatly  in<| 


^ligation. 


BENNETT   (HENRY),  M.D. 
I  A  PRACTICAL  THEATISE   ON   LVFLAMMATION  OP  THE  ITTKBU8, 

ITS  CKKVIX  AND   APPENDAGES,  and  on  il>  connexion  wiib  Ulefioe  l)i-vu«.     Siilb 
Aineric'aii,  frum  ihe  founb  and  reviped  English  edition-    In  one  octavo  volume,  of  aboiK  AOp 
,  pigw,  eilra  cloth.  S3  7S.     [Juil  RtaJg.} 

•  Thi>  tiantltrd  work,  iibich  haailoae  to  miieh  lointrodnM  the  moitem  and  imprpvetf  trealMI 
of  Ic male  dlienvef.  hai  reoeivnl  n  very  cnreAil  revifion  al  Ihe  ligndi  ol  ihe  attlhor  to  hi*  pfthm 
feCMateii:  -■  Uiirmg  tbe  pail  iwo  yeart  ibi«'revt.-ion  orrnrmer  li  tnitr  tint  been  my  prinpl|ail  vccofa- 
lion,  and  in  ilf^  prv^M^nl  tiale  Ihe  work  may  In  con*Jifered  (o  embody  the  nmiured  experitfocw  of  Ibe 


BROWN   (ISAAC   BAKER), 

ON  SOME  DISEASES  OP  WOMEN  ADMI'mNG  OF  SUROIOAL  TREAT- 
MENT.    WilhhBuil-oiiieillualrationii,     Onovol.  Svo.eilra  ploih.  pp  370.     |]  80. 


;r:T.'.:ntttr.\,      W.bav. 

iBg*eatl<niaaDdeuatr 
,«iK.,e«hll.W«.el. 

practical  •Bgapily  aid  aHill,  1  —"•»"■  V 

'iJSl™*'"'"'* 

BOWMAN  (JOHN   E.),  M.  0. 
PRACTICAL  HANDBOOK   OF   MEDICAL   CHEMISTRY.    Edited  byC. 

L-  Bi.o«*M,  Third  Amerii^an,  from  Ibe  fodrlh  and  rcvi.ed  E«gU-li  Ediiioo.  In  one  neat  votame, 
royal  lvmo.,oxtrarlolb  wild  nuineroui>iliustrBilanB.  pp.  3^1.  (-.iiiO.  (JVswRnt^v,  Mat.  1883.) 
'lew  Iseldly  delmlcrt  and  HpUiged.    Aail 


Id  linplieiiir  and  elea 
,  -HerlntoiiB.  Khllai  H  fc 
■tlloT  ihotr  BniahiBi  lou 

iitd.  Tinui  M^Oviiu,  Nov  I 


the  p_n>|  real  olebai 

rlag  h allied 


wim  a 


'  Fdlilon 


M*^H. 


INTRODUCTION   TO    PRACTIc'ia."'cHEMiSTRY,   INCLUDING    ANA- 
LYSIS,    Third  Ameridin,  from  the  third  and  reVi*ed  Lundoii  erillion.    Wtlh  DDinerona  iNui' 
iralioni.    tn  one  neai  vtil.,  royallUmo.,  eiira  ulolh-     11 '  00      yJiAl  Hindy.} 
Ttii>  ravonie  liH'i:  mamml  haa  reeeived  a  very  iboroiigh  and  earelUI  levi.ion  al  the  hand*  «* 
ooBpetrnl  editor,  and  will  be  loiuid  fully  brought  up  to  the  preteni  cuDdiiioo  ol  obemieal 
Many  portion*  havi  been  rewnileo,  ihe  aubjerla  ol  tbe  blow-pipe  and  vidunwIricMMly^i- 
.ceived  fpecial  aiienliiin,  and  an  addiliunal  I'bapter  ban  been  appentled,    Sludenlaul  prmi^i- 
lolry  will  iherel'iiie  find  ii,  B>  faere.ulore,  a  mutt  convenient  Mid  eondenied  leil-buot  — 
iheoperaliooaol'lbe  latioralary.  


lixnda  of  ■ 

■ALAia      I 


lUSHNAN'B  PHYBIOUIST  OF  ANIMAL  Ai_ 
VK(>KTAfiL.E  LIFtv;  a  PopalaiTrMtlHiwIM 
* — .. A  u- ,  ^  Orfaa«  LMa.    la 
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BUM8TEAD  (FREEMAN  J.)  M.  O., 
Leetarer  on  Venereal  DiMAces  at  the  College  of  Pnyiiciani  and  Burg eoni,  New  York,  Ae. 

THE   PATHOLOGY  AND  TREATMENT  OP  VENEREAL  DISEASES, 

including  the  results  of  recent  inyeniigations  apon  the  sabject.  Second  edition,  thoroughly  re- 
vit^d  and  much  improved.  With  iliu>tratiuni»  on  wood.  In  one  very  handtwme  octavo  volume, 
of  about  700  pageii     $4  15    (Now  Ready,) 

By  far  the  most  valaable  contribatioo  to  thie  par-  To  ram  ap  all  in  a  few  wordi,  thia  book  la  one  which 

tiealar  branch  of  practice  that  has  aeen  the  light  no  praetiting  phyaician  or  medical  student  can  very 

within  the  last  score  of  years.    Hia  clear  and  accu-  wril  afford  to  du  without. — Anuriean  H*d  TimtM, 

rate  descriptions  of  the  various  forms  of  venereal  Nov.  8,  1801. 

disease,  and  especially  the  methods  of  treatment  he  xhc  whole  work  presents  a  complete  history  of 

prnpoaes,  are  ^"'^hy 'if  the  highest  encomium.    In  venereal  diseases,  comprising  much  interesting  and 

these  respects  It  is  better  adapted  for  the  assistance  y^Liumblt  material  that  Aas  beSn  spread  through  med- 

of  the  every-day  practitioner  than  any  other  with  |e,i  journals  within  the  last  tw^ty  years-the  pe- 

which  we  are  acquainted.    In  ▼*"«iy  of  meth«>dB  j^,^  ^  n„„y  experiments  and  investigations  on  the 

•TfiM^ed,  in  minuteness  of  direction,  guided  by  care-  ,abject-the  wh^le  carefally  digested  by  the  sId  of 

ial  diacriminatMm  of  ▼arylng  forms  and  «»raplica  jh^  author's  extensive  person£l   experience,  and 

tions,  we  write  down  the  b<»f>k  as  unsurpassed.    It  ,,g^,^  ^^  |„,  profession  in  an  admirable  form!    Its 

ia  a  m»rk  which  should  be  in  the  possessKm  of  every  completeness  la  aecured  by  good  platea,  which  are 

pTaetitioiier.-CA<««go  Med.  Jtmmal.  Nov.  1881.  cawStally  full  in  the  anatomy  of  the  genital  organs. 

Tne  fofcgoing  admirable  volume  comes  to  as,  em*  we  have  examined  it  with  great  satisfaction,  and 

bracing  the  whole  subject  of  syphilology,  resitlving  congratulate  the  medical  profession  in  America  on 

■nny  a  doabt,  correcting  and  confirming  many  an  the  nationality  of  a  w<»rk  that  may  fairly  be  ealled 

entertained  opinion,  and  m  our  estimation  the  best,  original. — Btrktkir*  Med.  Jsumal,  Dee.  IMl. 

eompletest, fullest  monograph  on  thissubject  in  our  one  thing,  however,  we  are  impelled  to  say,  that 

language.    As  far  as  the  author's  labors  themselves  ^e  h^^g  ^^  ^itj,  „„  other  book  on  syphilis,  in  the 

are  concerned,  we  feel  it  u  dutv  to  say  that  he  has  Engii.h  language,  which  gave  so  full,  clear,  and 
not  only  exhausted  his  subject,  but  he  haa  presented 
to  Bs,  without  the  slightest  hyperbole,  the  best  di- 

Eested  treatise  on  these  diseases  in  our  language 
[e  haa  carried  its  litbraturt  down  to  the  prestnt 
moment,  sad  has  achieved  his  task  in  ^  manner 
which  cannot  but  redound  to  his  credit. — British 
American  J9wrtMl J  Oei  1861. 


English  lanifuage.  wiiich  gave 
impartial  views  ot  the  important  subircts  on  wuieh 
It  treata.  We  cannot,  however,  refrain  from  ex> 
pressing  our  satisfiicti<m  with  the  full  and  peraiiien- 
ons  nuinner  in  which  the  subject  has  been  presented, 
and  the  careful  attentioa  to  minute  details,  so  use- 
ful— not  to  say  indispensable — y>  a  practical  treatise. 
In  conclusion,  if  we  may  be  pardoned  tbe  use  of  a 
We  believe  this  treatise  will  come  to  be  regarded  phrase  now  become  stereotyped,  but  which  we  here 
as  high  authority  in  this  branch  «>f  medical  practice,  empl(»y  in  all  seriousness  aad  smcrrity,  we  do  not 
and  we  cordially  c«>mmend  it  to  the  favorsbie  notice  hesitate  to  express  tne  opinion  that  Dr.  Bumstead's 
of  our  brethren  in  the  profeaaitra.  For  our  own  part.  Treatise  on  Venereal  Diseases  is  a  ^*  work  without 
we  eandidly  confess  that  we  have  received  n  any  which  no  medical  library  will  hereafter  be  eonsi- 
■ew  ioras  from  its  perusal,  as  well  ss  modified  many  dered  complete." — Bostdk  Med.  cad  Surg.  Jomrmml , 
views  which  we  have  long,  and,  as  we  now  think     Sept.  5,  lb61.  \  "f^t        t 

erroneoualy  entertained  on  the  subject  of  syphilia.  \f\,  ^  {  *.  r  -^  \  ' 

BARCLAY  (A.  W.),  M.  D., 
Isaistant  Physician  to  St.  George's  Hospital,  4e.  ' 

A  MANUAL  OF  MEDICAL  DIAGNOSIS;   being  an  Analysis  of  the  Signs 

and  Symptoms  of  Dineate.    Third  American  from  the  second  and  revised  London  edition.    In 
one  neat  octavo  volume,  extra  cloth,  oi  4dl  pagea.     S3  50     {Just  Ready.) 

The  demand  for  a  w^ond  edition  of  this  work  xhows  that  the  vacancy  which  it  attempts  to  sup- 
ply has  been  recognised  by  the  profession,  and  that  the  eflbrts  of  the  author  to  meet  the  want  have 
been  sucoesttful.  The  revision  which  it  has  enjoyed  will  render  it  better  adapted  than  before  to 
afibrd  assistance  to  the  learner  in  the  prosecution  ol  his  studies,  and  to  the  practitioner  who  requires 
a  convenient  and  accessible  manual  for  speedy  reference  in  the  exigencies  of  his  daiU'  duties.  For 
this  latter  purpose  it^  complete  and  exten^tive  Indifx  renders  it  especially  valuable,  oliering  facilities 
fur  immediately  turning  to  any  class  of  symptoms,  or  any  variety  of  disear«e. 


The  task  of  composing  sach  a  work  is  neither  ao 
easy  nor  a  light  one ;  but  Dr.  Barclay  has  performed 
It  in  a  amnner  which  meets  our  m<ist  unqualified 
approbation.  He  is  no  mere  theorist;  he  knows  hit 
work  thon>ughly,  and  in  attempting  to  perform  it, 
haa aot exceeded  his  powers.— Sritu*  Med.  Journal. 

We  venture  to  predict  that  the  work  will  be  de- 
servedly popular,  and  so<m  become,  like  Wataon't 
Practice,  an  indispensable  necessity  to  the  practi- 
tioner.—JV.  A.  Med.  Journal. 

An  inestlnmble  work  of  reference  for  the  yonns 
praeiiuoaer  and  student., — NoikvUU  kUd.  Journal. 


We  hope  the  volume  will  have  an  extensive  cir- 
culation, not  among  students  of  medicine  only,  but 
firactitioners  also.    They  will  never  regret  a  faith- 
ul  study  of  its  pages. —C<«cta«aftLa«c<(. 

An  important  avquisition  to  medical  literiture. 
It  IS  a  work  of  hign  merit,  both  from  the  vast  im- 
pi»r  ance  ot  tbe  subjcf  t  upon  which  it  treats,  and 
also  fiom  the  real  auility  displayed  in  *u  elabora- 
tion, la  oonclusiou,  let  us  bespeak  for  this  volume 
that  attention  of  every  student  of  our  art  which  it 
so  richly  deserves  that  place  in  every  medical 
library  Mrhich  it  can  so  well  adora.-  PtnuMulat 
Mfeditnl  foumal. 


[".■\  BARTLETT  ifei-iSHA),  M.  O. 

THK  HISTORY,  DIAGNOSIS,  AND  TREATMENT  OF  THE  FEVERS 

OF  THE  UNITED  STATES.  A  new  and  revised  edition.  By  Alonzo  GLAax .  M.  D.,  Prof, 
ol  Pathology  and  Praciicul  Medicine  in  the  N  V  College  of  Physicians  and  Surgeons,  dec.  Ja 
one  octavo  volume,  of  six  hundred  pages,  extra  cloth.    Price  S4  00. 

4C(mk1  deservedly  hich  since  its  first  publication.  It 
will  be  seen  that  it  nas  now  reached  its  fourth  edi- 
ti<m  under  the  supervision  of  Prof.  A.  Clark,  a  gea- 


It  is  a  work  of  great  practical  value  and  interest, 
eontaiaing  much  triMt  is  new  relative  to  the  several 
diseases  of  which  it  treats,  and,  with  the  additumi 
of  theedit<»r,isfully  up  to  tlietimrs  Thedistiact- 
Ive  features  of  the  different  forms  of  fever  are  plain!} 
and  forcibly  portrayed,  nnd  the  lines  of  demHrcatioo 
earefttlly  and  accurately  drawn,  and  to  the  Ameri- 
eaa  praetitlfmer  is  a  m<ire  valuable j^aU  safe  guid« 
than  any  work  on  fever  extant  ->04<e  Mod  nn^ 
Jomrmmi, 

'hiiaaxeelleBt  ■Nmugmpa  oafeHlle  disease.  Hsa 


tieinan  who,  from  the  nature  of  his  stadias  and  par^ 
•aits,  is  well  caloalaied  to  appreeiate  and  diaeiM 
*he  many  intrifwteand  difflcalt  questions  in  patkO" 
logy  His  annotations  adu  much  to  tUe  interest  oi 
the  work,  and  have  br<iught  it  well  ap  to  the  eoadi- 
tion  i»f  the  science  as  it  exists  at  the  present  aav 
In  regard  to  this  class  of  dlseaaea^^-JsafAf  a  MM. 
ttul  Smrg.  JouffHU 


SARWELL  (RICHARD,!  p>  R.  C.  3., 

Aiilirut  SurgfiJii  Cliirinf  Cioii  HoipiUI,  &«. 

A  TREATISE  ON  DISEASES  OF  THE  Ji>INTS,     IIluBtrafed  with  eagnj. 

Jngi>  on  wood.     In  one  very  bandBcunB  dpIhvo  volump.  ol  Bboui'  SOO  yaget,  '  '''  " 

warthr  "f  autub  pniu,  and  ban  evidence  or  much    Mid.  Tmui 
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il.il  DoucofniU 
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Theiuthor  liu 

evldcnllr  worked  very  hnrd 
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■  liuulniotbc  PbyuolMy 
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With  an  Appuudiji  cos* 
^.dDC.  By  F.  G.  Shith,  M.  U 
u  wood.     In  (jne  large  und  rvrf 


CARPENTER  [WILLIAM   B.>,  M.  O., 

Eumiuer  ii  Phyiiolugy  aad  CompHiallvr  Aut>>iBy  id  th< 

THE  MICUOSOOPE  AWD  ITS  REVELATIONS. 

laming  Itae  AppliL-ationa  ol  ihe  MicroiHHipc  lo  Clinical  Medic 

Illusirnicd  by  lour  bu  lid  red  und  thirly-four  beaulitul  engTBvmgf  uu  Wi 

banHuime  oclavo  volume,  of  T24  piige»,  eilra  cloth,  SS  aS. 

The  greal  imimrtan™  ol'  Iht:  microscope  ■»  *  mean*  of  dianioal*,  ani 
pirlawho  are  abo  pbyiicxaoa,  have  induvcd  [ba  Amencui  publii>bttr»,  w 
add  an  AppendiiiCarelulty  prepared  by  P^o^s^BarSmilll,  ua  (be  apolici 

ciinieal  mrdicine,  togeiher  wiU  an   aocouni  uf  Aiuericr-  ■"■ 

aci-e»Kiriet>.     TbiB  puriiun  o[  the  wurk  i>>  illueiraied  wilb 
boped,  will  adapl  [be  volume  mora  parlicularly  to  ihe  u*e 

Tkoae  wbo  arc  acquainted  with  l)f.  CarBentcr-i ,      Tli 

IirMlnn*  wrilinaaun  Aiilnul  and  VscelablEPbirUD-  claia 
agj,wilUo\[y •uuicnuuiabinr viittmt\„tenlkBow  He  « 
ladgebe  Lmble  lu  bring  to  bear  apua  lu  eiinprebES-  I  kso* 

■DdsTca  ibiiie  nrhii  bare  no  pievinm  acqunlnlance  t  UMptt  faeu  buriag  apoa  pliyHiilogy  a«4 

wiilGD^abBiidueauriBl'iirinauuDBa '-    ' 

ud  ilinple  language, —Mad    Tibhi 


I  AHD   80IBNTIPI0   PUBLIOATIOMS.  {■ 

CAHPENTEn  (WrLLIAM  B.),  M.  O.,  F.  R.  S.,  « 

ExaniH'iD  PliT"in'n«y"nlCoiip»rmtiTeAn«IOBiy  iBllMUBivertiljor  LunloB. 

FEINCIPLES  OF  HUMAN  PHYSIOLOGY;  with  their  chief  «pplic»tiona  to 

Piyi'tauJi^y,  Pvlbalicy,  TbecuKul ice,  Hygiene,  md  Fureuric  Medicine.  A  new  Aniericu,  from 

tbe  las'  Bud  revived  Cifldun  ediuoo.     Witb  Qearljnliree  huudrod  illiMralloo*.    Edited,  wiib  addi- 

rtKNif,  by  Funcis  Gdiniv  Shitb,  M.  D.,  Profeiur  oflbe  Inetiiuuw  oCMedieine  in  Ibe  Peaotyl- 

^mmlBHedickl  College,  ice.   In  one  very  lirge  and  beauLitulwilivii  volume,  ol  aboui  oiue  bundled 

targe  pagmi  handiomely  printed,  eilra  doih,  tS  'H 

Pm  upwurdi  at  ttiiriesn  fHra  Ui.  OirpsBHr'ii     Toealwlietlil*frwlwor1iwm1dbciii»T9ani«. 
■-'■'■—  "--M  (wniidBred  by  I  lie  proreulus  geae-' We  ■hmrd  !*•«¥*,  bo  wev«,  »■!  Is  Ibia  edition 
IbiaeuBMirnadBaglHd.H  tb(B>oal<  Lbe  aatbDr  baa  cBwidelled  a  large  sdruoa  of  Ika 

^e  Thiadiilinctinailoveitaihebigh,  teren/euBDlBllj-iB  tbe  rnrn  of  lllaiiniiliiaji.  We 
■nd  BBwmrieil  IndnatrT  of  iia  accnm-  nay  eoaSdently  neonnieBd  It  ai  Ibe  lanit  cooipleic 
-     ---p™ieolediti.«twl.ie*  llfcethc    work  on  Bunu    PhyiloN^y  in  uui  Uaguaga— 

nBDrepiredby  ihBBBtbor  hlm-l  SDHiJUn  JVid  amits^rg.  Jnrmal. 

M A eiteniiiTe rvTlatoBiIbat  111      f^^  „,„,  cumplel*  work  oo  the  ■cienc?  In  oar 


aalf).  i*  tInRBBit  oTmA 


aine  u.  rt«  eoaatry,  i.  will  anpLy  rep^  the  piuti- 1  ('"ge- 

« >Bteau— £a>lM  M>d.  <»(  Sure  Jaan»l.  ^  leaiin 

ThliiBaiuadBrewark— llie[fal-b<'okiaedbya]il 
n*dl«l  atiidmiB  who  tead  the  Rogllih  hDgsBge.  I 


aabieeE- — L^mdJm  Mtd-  Ttm*t- 

—«.  V.  MU.  Tmui.  "' 

Tke  pro((Biinii  of  tbia  soaalry,  and  perhapa  al— 
BioliigT      NcHbingBeed  b«  nM  iv  iib  praise,  fi»  Su  i  thaBiuiuBiieeaMBtaf  tbiaaeweditkiearCaipgBler'i 

wniiMn  uy  deparlmenl  or  aedlai  K 

IdWrtTlV,    Tfh?me««r 
mee  wlltagord  the  hiibeal 


illykBown;  we  have  nottaing  to    HaBan  Phyaiology,    Bi*  Airmcr  a „ 

of  Ita  defeeta,  for  they  only  appear  where  tfasi  Baay  yearibBeaJUautiL  tbeonly  laat-booboaPby- 


S?;ivSS™''''"'-"^^^^^ 


. '  piS^.t^t.'«e^^'Ia«^o7phyl.^1^y!''w_blfe 
pbyiinl'i«ieaJ>alwie^O*ia  Jful. 


J1LEMENT8  [OR  MANUAL)  OF  PHYSIOLOGY,  INCLUDING   PHY8I0- 

-       LOUICAL  ANATOMV.     Setrood  Auierion,  fruoi  a  new  and  r<^vi»d  Loudon  ediliun.     Witb 
r    one  hundred  and  ninety  illuniraiiont.    In  one  yery  hand-iome  odavo  yolume,  leaiber-    pp.  5M. 

■  . ,  la  put>lisliiug  Ihe  Srtl  edition  of  this  work,  ill  title  wai  aliernd  trom  thai  ut  tiM  l^ridon  Toliunet 
W  Ihe  ><ubstilulioii  uftbe  wiird  "  Elemeui^"  lor  [bai  of  "  Muiual,"  and  with  lliHHuthiir'B  HaelioD 
tbe  Idle  of  '<  Glenienls"  is  !iill  retained  at  being  more  expreii'ive  ol  Ibe  ni^pe  nf  Ibe  treatise. 


.  ?ttINGIPLES  OF  COMPARATIVE  PHYSIOLOGY.    New  Ajnerican,  from 

the  Fourth  and  Revised  London  edition.     In  one  large  and  handKi 
three  taundred  beauliTul  illuitrBtioag.     pp.  169.     Eilra  cloth,  %S  (H 


liBd  by  B»iy  member  of  tbe  priiTeuim.  Nuae 
t»i  wiaa  or  »ld,  to  ba  beaefitcd  tbereby.  Bat 
DOiallir  to  Ibe  yoonger  elau  would  we  caidlally 
imunJilulKHilitedufaBT  WDikiBlheKngliili 
;il»ge  to  DBallfy  Ibem  for  ifie  reeeiilioB  soil  oom- 
lenaJoB  nf  tbOM  Craihswhleb  are  daily  bemg  de- 

Wilbiiut  pralsBdiBg  to  il,  il  ii  an  eaerelnpidU  of 
I*  aabjael,  WHiBnle  aad  eoapleie  la  all  rEapeeii— 

.-...,.)..,_. ....._.... _p^,^j,  ai  wbl— 

■  DnMrn  Qaarwi 


KfHutbful  reHeetLUi  uf 

•  tta  leleBee  br 

■•^rule/Ml. 


r  Mologieal  slody. — Ramint' 
Thiiwork  ilandswrinou 
w  sna  IB  Earapaeuald  ha 


-iBllaeiraperfMlpky- 

fclloW.      II  l(  UIIB 


senrfal  an  inue  ai  Dr.  Carpenter.  Il  required  for 
ita  produeiiiHI  a  pbyiiolDflit  al  once  deeply  read  In 
the  lalMira  of  otbera  cavable  of  taking  a  gefterai, 
crlileal,aad  BBprajB^leed  rlew  of  tboiB  Iabora,aa4 


BIraatBai  aiye  EbB  rs 

le  faUuB  sf  LblB  irorlL  u< 


onnaguagela  

profeulnn  Duly,  but  the  iclenliEe  world  ai  large, 

h\t  hlnh  repuwtioa tit4ie*t  Tim4i . 

OB.     [PrijiariHg.) 

PRINCIPLES  OF   GENERAL   PHYSIOLOGY,    INCLUDING    ORGANIO 

CHKMidTKV  AND   HISTOLUGV.     Wilh  a  General  Skeleh  ol   the  VegelntjlB  and  Allimiy 

LA  PRIZE  ESSAY  ON  THE  USE  OF  ALCOHOLIC  LIQUORS  IN  HEALTH 

AHU  UISEAI^E.     New  edition,  wiib  a  Prefnoe  by  U.  P  CoNDiB,  M.  I).,  and  eiplanallom  M 
•owaUfio  WMdB,     Id  one  ueal  ISmu   voJume,  eUra  c4uth     pp.  ITS.     SO  aenia. 


BLAMCHAKD  A  LEA'8  MJIDIOAL 


CONOIE  (D.  F.),  M.  D.,  fce. 
*A  PRACTICAL  TREATISE  ON  THE  DISEASES  OF  CHILDREN.    Fifti 

ediliiin,  lev  Died  and  augmeiiicd.    lunne 
'      In  prewniing  ■  new  aiid  revised  rdilioi 


uiSvo.,extriicl 


In  every  reaped  "a  oompleie  aiid  fniihAd  <rxpi»illun  uf 


.  ofihc  diwi 
lAc  whole  work  lo  b  cirefill 
•evenil  new  ehaplers.  In  rbi 
.ejurled  buve  b«en  supplied,  lb*)  Ibii  ranrat 

ruigbly  mu)™)f»ted,  ind  Ihal  ui  evefy  poinl  the  worL  will  be  found  lo  miinlain  Iba  bwb  rvpuuli 
-itlniaeiijuyBif  aaft  ciimplelaindlboroiighly  praci  loal  bouk  of  releranoe  in  Manlikaffeciloas. 

praedcnl  Knic  are  ninircited  >n  llii(,  ■•  1b  ■'!  >ii' 
maneroBi  cnatribalitrat  tu  ai-iiiB ».—!)'-  Htluui't 
Bireri  ID  !*•  itmiritaa  ISMtal  itmvUiim. 

T*k»aiawli>>le,i%o»  lodsmenl.Dr.  Coadi 
Tiuiue  ii  Ibe  one  fAm  Itic  peni»lar     ' 
p«>miou.li 


I  revieiud,  rewriline  a  i»aBider«ble  portion,  and  adding 
■  hoped  Ihai  any  delieicneies  wbich  m«r  hare  previously 
It  Ulmrii  er  pmutiliniK'n-  and  uhserren  have  heea  Iho- 


vi>rk  OB  Uic  diiiBiH  of  children  la  lUc  Eoilii 
lublliheif,  we  illll  tegard  il  is  Ibai  li|bt— Aftdi'n 


"i^w./Trilli 


Chil 


■;  tf  Mtn™ 

■rUlawtitk.— iV.V  Jnrule/M^dinai. 

mri       e        w  nc  en  vc  ^^f^^^l^^^^^^^^^^ 


whieb  the  pbyaioian  IieiIImI  b|hii>  iDDinnbal, 
willbeapprMiawdhf  all;  ■adibeworknrDr  Ci>a- 
dichaagalaadfUtlMairilieeharaeurofaaarefaid* 

cDgafcd  in  praetlie — /*,  V,  JVfd   Ttmtt. 

iaiatheroarUediiiiiBOdUaducrndly  pop*- 

tai  tratiK.    DariBf  IbeiDlerialalaeelhgliut  Wi- 
lion,  li  haibsen  luGiec^teil  lo  ■  iliutoiigli  levuioa 

palbuli»  and  Utrapaaliei  uTdiildiea  bare  Uaa 
includetl  in  tbaprewat  vakme.   Amre  bhI  batute, 

yield  u  naAeiiWtiiig  eeaeurieaec, — Buffnli  JStd. 
PecbiipiUie  miiiirallaDilcoiapleleiKirk  aaw  ■•• 


LVJIK-. 


CHRiSTISON  (ROBERT),  M.  D.,  V.  P.  R,  5.  E.,  fcc. 
A  DISPENSATORy;  or,  Conimcntaij  on  the  PharmBoomeiaB  of  QreM  Britun 

and  Ihu  Unhed  Stalsa ;  comprising  Iba  Natural  Hi^iory,  Oeacnplion,  Chemiittry,  PbannBRy,  Ao> 
''■■—%  _l;»ef ,  »nd_^Do*eB  ol  tie  AnioIe»  of  Ibe  Mmeria  Medioa.    Second  editiun,    '  '-■*  — 


proved,  wilh  a  Sup        _. 

tion*.  and  two  tatmdred  and  thirt 
very  large  and  baadaumi 


W  ilh  oopioiu  Addt- 

.rSLDOHTFIT*     "    " 

irlOOOpagol.   »3M. 


COOPER  (BRANSBY  B.),  F.  R.  8. 
ITURE8  ON  THE   PRINCIPLES  AND   PRACTICE  OF  SURQERT. 

-  -  very  large  ueiovo  volume,  eiira  eiolb,  of  750  pages    (2  00. 


F  THE  URKAST.wilhlwNily-fivelUiK 
l(BDd!)<ir(ioaLPapeii.  One  larie  vului 
pattal  Sva.,  ulra  oloUi,  wllb  iIMG|uni,on  jd 

OOOI-KK    1>N    THE   8TRUCTURB  AND  DIS- 
fiA«KB    OF   THE   TKBTI9,  AND   UN    THE 


Javo.leatbor,  wiUnameroaaWiwi.oata.  pp-'^**. 


CARSON  (JOSEPH),  M.  D., 

eila  UbIIh  and  Plunaacy  id  the  Usiveraity  orPeaBiylTania 

SYNOPSIS  OF  THE  COURSE  OF  LECTURES  ON  MATERIa'mEDICA 

.»„pu.»M*r-v   A.K .-■-■•■,  Jniversuy  ol  Ponqtytvani.. ^^ 


ANU  PHARMACY,  doliv, 


Thir.1 


»a,  revised.    In  one  bandsuii 


Uarf eoB  lo  Iha  l^nduB  H^p.ul,  Pruidealof  tbe  Haalerlaa  Society,  4b. 

A  PRACTICAL  TREATISE  ON  DISEASES  OF  THE  TESTIS,  SPEBMA- 

TIC  CUBU,  ANUSCKOTUM,    Second  Ainericaii, from  ihe  «cood  and enlargU  Eogul*** 


ARD   SCIENTIPIO   PUBLICATIONS. 

CHUnCHILL  (FLEETWOOD),  M.  D.,  M.  R.  I.  A.  ._ 

ON  THE  THEORY  AND  PRACTICE  OP  MTDWIPERV.    A  new  AmoriouJ  1 

fmm  ihe  founh  fc»i"e(1  unci  enlsrffcd  Lunflon  fdilion.     Wilh  Nole-ianiJ  Additiiin»,  by  D,  Pkanoh  4 
CoNDic.M.  D.,  siiiliurol  ■  "P™oi.p«l  TtealiM  nn  Ibr  Dinesw  of  Children,"  flee      "'  ■'  ""'  " 
tlluilralioiia.     Innnevery  haadBanieciclavD  valume,  or  nearly  700  Urge  pngei>,  eitra  c[e 
ThU  wurli  bis  been  to  long  kn  eslnbliBlMd  bvorile,  bulb  uKlexl-bnolc  lor  lbs  learner  and  U4(|l 

ivliibleaid  in  canHuliBlian  locihe  prtctilioner,  (hnl  in  prewciliqi  ■  new  edilioo  il  i>aDly41«: 

locall  •llemioo  loihevery  •l[1md<!dimpMvenHnil»wbirb  il  h*i- received.    Having  bul  1  h« 

oritto  revi^iiHU' by  (be  aulhur  iln«  Ihe  liul  AmeriiMU  reprinl,  il  baa  been  maleriilly  enlarip. 

Dr.  Churchill's  wulI-KnuWD  ooo^cienliiiui  ioduflry  in  a>iiarante«  ibat  evary  ponlon  b«*  bew  llMa  J 
KMighfy  broughl  up  wfih  ibe  laioai  reeulia  oT  European  iDTcatigMion  In  all  deparunaniaof  ibnaolf  j 
•sea  and  an  or  ub»ielrlta.    The  roceitl  dale  ifT  Ibelaii  Dublin  adiiiun  baa  noduAmucbol  noTolUp  * 

totelbsr  wifb  aueta  manert  ap  his  eiperience  bw  shown  bin  would  bii  deiinble  Tor  Ihe  Americu 
Mndeni,  inclnding  a  large  number  uf  illuitiraiions  Wiih  ih«  MnetioD  of  the  aulhur  be  has  added 
in  Ihe  lona  of  an  appendix,  lotne  cliaplora  rroin  a  liule  "Mnnual  for  Hidwivea  and  Nursea,"  re- 
cMilty  issued  by  Dr.  Churohill.  Iielierinjc  tbu  Ihe  deiailii  there  praH^nMd  can  hardly  tail  la  piave  M 
•dnnlwe  la  tne  junior  praciiiioner.  Tue  reuili  of  all  ibCM  abditioaai*  thai  thewurli  now  cob- 
lais*  fully  one-half  more  mailer  iban  ihe  Ian  Amerioan  edition,  with  nearly  onv-hair  mure  ([lu>- 
trmlknKi  w  ibit  notwiilnnandinB  Ibeiueofa  (mailer  lype,  Ibe  volume  oontaim  almoM  I  wo  hundred 
paae*  more  Ihan  before. 

No  cfTun  has  been  spared  lo  E<o«ure  an  improvrmeni  in  Ihe  mechanical  eieciitiun  nl  Ihe  work 
,  ._  .u 1--U  .1. , ,.iycd,*nd  Ihe  volume  is  oonfidenlly  prewnled  as  one  of  Ihe 


a  place  in  every  ledure-rtH 


nind  on  every  offlceuhle. 


wrltsra  of  aolhotity  la  given  on  qamion*  of  ^Irtl- 
CBliT,  as  well  la  IhB  directing!  mbA  advice  at  the 
laanwd  aaMot  hlowelf,  is  which  he  adds  ike  reiali 
of  alaUiUeal  iBqairy,  palliu  siailslica  ia  iheir  pro- 
Ht  pUee  aad  giviw  IheB  weir  dac  weighl,  and  no 

cr.;:   ,^-  ,.."-.■:? .  i^^  „„^  f^  (,„„ 

.Ckaickill'i.  Itip- 
ledealga  of  a  book  on 
■leaieiBe,  via:  id  iiremii  niaA  likaowanatheiab- 
taeiAfwIilehke  treats,  both  Ihearatleatly  and  pnc- 
BeallT.BBd  UtadvaacesaeliopiBionaar  lis  own  ii 
k*  befinFM  wiU  buwfit  laedlfla)  aoienoe,  aad  iuare 
tkesafetyotikepatlenl.  Wo  kave  aaid  aoongh  to 
eoBTcy  to  the  profcnioB  thu  tkii  boot  of  Dr.  Chnr- 
ekill's  il  adnlnbly  lUlHd  for  a  book  of  reference 
for  the  praetitioDcr,  ai  well  ai  a  tPil-book  foF  the 


mot  net  Ihan  Or. Chun 


li:  toglrealln 


Were  we  redBaed  tn 


iiiariy  (■ 


To  heaiow praise  on*  boak  tkat  hu  received  sacli 
BaikedapprabailnnwoDldbeauperBeaas.  Weaanl 
only  say,  Ihrrefore,  that  if  the  first  edition  wii 
thDeght  worthy  nf  ■  raVDral>lc  reeeptioD  by  Iht 
■edtaalpablicwecui  eontdentlTaffirm  that  thli 
will  be  foamd  naeb  aioie  ».  the  leciaier,  Uii 
pnelltiooei,  and  Ihealadeal,  nuy  all  have  reeonrsc 
la  ita  pages,  and  derive  froni  IIieirperBaalmaeh  in- 
lereal  and  inilruetlos  in  everythiBg^relalini  to  theu- 
leticil  lod  praclical  midwifuj.— OnlJuiQiMirlart* 
Jsaraal  cflktMaH  Sdnci. 

A  work  of  very  great  merit,  and  each  as  we  ( 
aonHeatly  recommend  to  Iheatudyof  every  obs 
trtepraetitioBer.— l.*Bd»M<difal  Onatm. 

Few  neallaeswlll  be  foand  better  adapted  ai 
teil.biwk  fni  the  stiid«(  or  ai  ■  mutual  for  1 
rreqaeni  etmiultitloD'tf  the  yoang  praciltiamr 


BT  TRi  a^MS  AtrrHQB.    {Laitli/ PuUiiJied.) 

ON  THE  DISEASES  OF  INFANTS  AND  CHILDREN.    Second  Ameriow 

Edition,  rcviwd  end  enlarged  by  Ihc  auihor.    Ediied.  with  Notes,  by  W,  V.  KxATiNa,  M.  D.    In 
one  large  and  handsome  volume,  extra  cloth,  of  over  700  pages.    H  00. 

In  preparing  Ibis  work  a  second  time  for  the  American  profemion,  the  antbor  has  spared  no 
labor  in  giving  it  ■  very  thorough  revision,  inlrodocing  several  new  chapters,  and  rewriting  olhera, 
while  every  portion  of  the  volume  ha*  been  rnlijeclcd  tn  a  severe  scruliDy.  The  etlons  of  Ihe 
American  editor  have  been  direcled  lo  supplying  such  infonnalion  relslive  to  matters  peonliai 

fore,  be  safely  pmnonnced  one  of  the  moti  complete  work*  on  Ibe  aubject  accep^iible  lo  Ihe  Ame- 
rican Profession.  By  nn  slleration  in  the  siie  ot  Ibe  page,  ihew  very  eilen»ive  addiUons  hare 
been  acoommodnted  without  unduly  increaaing  Ihe  liie  of  the  work. 


It  U  Impoulbte  10  eoneelre  a  ani  _  .. 

tlwani  Buuaal  (has  Dr.  Cfaarchlli's  Prwllca  Of  , 
Vldwiferr— Preeteiial  MiMeal  Jturmal.  '    ' 

Oertainly,  In  onr  nplnion,  the  very  beat  work  H 
ha  nbJEcl  which  eiials~tf.r.Jaiu;ii(.  ' 

Nn  work  holds  a  higher  pnallioa,  or  ti  mare  i^m 
•errigg  of  beleg  placed  in  the  liaail*  nf  tne  tnlKrV 
the  uinneed  siudenl,  or  the  pr>otltloner.-Ma4M>  | 

rrevioaa  edltlosi  hare  been  recelvi 
ed  favor,  and  they  deterred  It;  bat  t 

and  bronght  up  by  (be  anthor  to  Ue 

doea  preaeol  an  eansmMyaeeante  ii ■■— m 

aitioB  of  every  iiB|Hirtant  partlcvlar  eatbraeed  )■■ 
thedepartmentofniidwitery.  ■   •    Tbeeli        

with  thagreeiaiDOBBlafilatlsticsl  researeb  vrbliil, 
iu  leal  uhibiu,  have  served  lo  place  ilaltcadvtB 
thefamnoatnukofwDtksiB  ihlsdeparlmFatoria- 
medial  aeleeee.—nr.  O.  Kii.mdSvrt.  Jnmr' 

Ib  oBrapbii«i,)i  foms  one  of  Ihe  beat  if  ai 
very  beat  teat'lKKik  ud  epltoneofobatelrie  « 
which  we  at  freaenl  poaaesa  in  Ihe  Kngliah  fa 
gaage.-MMOIr  Jeonul  4/ltiUtal  SeiHKt. 

The  eleareeasand  preoisloa  of  ilyle  in  whlefclMij 

raokof  woika  in  Ihladeportniuitnf  mediearaereae*^ 
-H.  y,  JUBrMie/Miifiiiin. 

Thla  IseetUiinly  the  most  perfect  ayatem  extant, 
II  i<  Die  best  adapted  for  the  purposes  of  a  ten- 


BS8AT8  ON  THE  PUERPERAL  FEVER,  AND  OTHER  DISEASES  PK- 

CULIAR  TO  WOMEN.    Selected  from  Ihe  wriiingsot  Briiii.h  AuiboH  previous  lo  the  Hose  ol 
tte BftUi;aUk CoBtBry.   laoMaMlootavovoiBiBa,axtnieh>U,ol>boutUapBges.    fi  X. 


i 


BIjANCHARD  k  LBA'S  MSUACAb 


ing  thoie  of  Preonraov  u4  Cbil^ 

W>lliN"(»'udATidlii(iii»,  by  D    FtAM- 
"';hild«n  ■■     W.Llini 


UnCHILL  <PLEETWOQ0),    M.  O.,  M.  H.  I.  A., 

^N  THE  DISEASES  OF  WOMEN;  inoiodin 

*'-     COBDII,  M.D,,Buanirot  "APmnicBlTrealiw 

ii  illuMralKiDP.  Id  one  large  anil  hikiitlaiiiiiiiiwiKva  viilumeifilra  Glixh,  ofTAS  page*  H  VJ. 
This  eilitior  i>l  Dr.  CburchiU't  Very  pupular  irenliw  msy  aliDui-i  be  leiiDiid  ■  aev  wurk,  M 
Ihoroushly  hRH  he  roTieed  it  in  rvtrj  porfron  II  will  be  touiid  grrally  enlarged,  and  (vmBlelHy 
brouglil  uptoihe  ino~l  meiil  cnndtliun  ol  IheKubjiii!,  while  the  very  handsome  term  of  iltiHIra- 
tinni-  inlrodaeed,  wpretcnlirig  ^aeb  p»lhuloglP»I  conililMiiip  bb  ran  br  accurairly  lunraycd,  prVKal 
a  novel  fealnrti,  aiiJ  alBird  valuaWt-  «»KfBl«n<*  lo  Ihe  yunig  prattilioiier.  Siicli  addiiiiin*  as  ap- 
peefed  (le»ir«ble  for  The  Ameriuui  Plitdeiii  have  bean  made  by  Ihe  editor,  Dr.  Condie,  wftilo  • 
marKed  improveineiit  in  the  merbuiicalexerniioii  keep*  pacirtriihihi!  advance  in  alt oiherrevpecu 


which  The  vulnme  haa 


■tale  irfniHli  sal  knnwl 


«  or  Oit  mti.. 


.      ™l    UBly  lh,.riM«h  rreilii*  wr  1 

publlriiad.— ^m.  Jmra.  I  dEDIa  ■•■  muternlec' n  It 
-T*.  Witltti,  ttmnal  vf  N 


!r  very  muderali 
>«.  Hia,  ladtM.  I*  U« 
uiw  of  lib  III*  anbjaet  j 
I  praetitUiAera  aad  Ma* 
paniealar  depailBiM. 


I  tbsi  I 


"  the  diasaiu  of  rsBalt 


"h'aaaiei 
DICKSON  (S. 


lah  preaa.— I>*tliii4iHirl.  J 
M.  D., 


ILEMENTS  OF  MEDICINE;    %  Compendii 

■—  or  the  Hislory  aiid  Treaimeni  of  Difleawa.     Sepoim  ™iimi, 

ne  oc-lHVD  volume  ol  750  page^FII^a  (doth.     S3  I't 
.    .  ady  demand  whiuh  hamuieuoD  eihaufled  the  fiml  edilton  ofl 

tbsl  Uw  autbor  wae  no)  iDielateti  In  euppoHini  that  a  volume  of  thii 
vlementary  manual  of  practice,  which  abould  prexenl  the  leadiiig  principli 
ncticBl  re«ull»,  in  acondenned  and  per>-picuuu»  mn 
id  fruilleBs  epeculatiooi!,  it  embodieE  wb»t 
-     ■■  -  -  whal  the  active  pricUlionei  " 
memory  an  »peei-'  ---— - 


<\\i^K.  Ptiiladrlphla. 

View  of  I'athology  tod  Tber»- 
rovised.    [ii  oae  lar^  Mid 


a-yofo. 


while  hia  I 


ibered  of  iHine(««f«py  detail 
Mudeni  la  learn,  and  al  IIM 

obliged,  in  the  dally  calls  of  bis  profe»"ion,  lo 

The  clenr  and  ailiactive  tlyle  of  the  aulbur  mdera  Ibi 


*  physi 


«  eipen* 
s,  indeed,  bsve  hi 


already  aequired  ai 


voted  lo  aludy  tuid  praciice,  ifai 

will  doubtle«g  niainlain  the  repnliiliu 

leil-bwik  on  Ihe  Practice  of  Medicini 

DRUITT   (ROBEHT),  M.R.C.9.,  &e. 
.  THE  PRINCIPLES  AND  PRACTICE  OF  MODERN  SURGERT.  

d  Amencttn  from  the  eighth  enlar^d  and  improvrd  London  edition,  llluMrated  wltk 
red  and  (hirtt-iwi  wood -eiiK  ravings.  In  one  very  handeoniely  printed  octaro  valmne 
700  large  pagi^ilra  Qlutli,  «4  00. 

'hich  Ilka  UaifriT's  &iiRQRKy  h>9  for  ao  many  yearn  maiDtained  Ihe  posilitia  of  a  lead- 

with  all  olaue*  ofihe  profeniiion,  nred*  no  tpecial  nscomineiidaiioo  lo  allraei  atlealioB 

iadnly  necearary  lo  state  that  Ihe  author  han  spared  no  paina  id  keep  tl 

led  Vepulalion  <if  pieaenting  in  a  unall  and  convenienl  compaaf  the  late 


a»Bn  art;  and  (hat  lb* 

,    ,  vhalever  nuvrltie*  Bay 

J   .  .__  may  prove  ol  lervice  lo  the  American  praelilioner.    Kt 

feral  ediliana  haaa  app— ltd  in  London  tiure  the  issue  oT  the  lut  Amrricoo  reprint,  the  Tolume 

le  biuiefil  nf  repeated  revinians  by  Ihe  author,  rewlling  in  B  mry  tnurough  ullertauon  mi 

povement.     The  extent  uf  theee  additions  niiay  be  eslimaied  haat  Ihe  lacl  ibal  it  now  conlaloa 

le-Ibird  more  mailer  than  the  previous  Amt-ncan  editiun.  and  thai  not  with  sUiidum  Ihe 

I  ol  a  smaller  lype,  the  paieg  have  beeu  iocreueed  by  abiioi  one  hundred,  while  Dearly  two 

■ilredand  filty  Vraod-cuts  have  Been  added  lo  Ihe  forniFr  fisl  of  illunlrttlion*. 

■     '  improvenieni  will  also  be  perceived  ii    "  ....... 

^■»ork.  which,  pliiiled  in  ihe  best  alyle,  or 

irnal  finish;  while  at  tbevei 


very  low  | 


arill  be  found  V. 


lof  the  Fi 


rultn 


erylhi 


ii,aidlliaprlBOlnkaaul  laliag  1 1  aurgery  ap  to  the 

B  been  hioiiiUt  duwB  to  aarvodly  a  pupalai  manual 

aliia.  OftheiiperaUona  and  BruilitH>Bi.r^-I.mil«ii 

'■■~)htehiy,    The  ,...,.,. 

,anail«olllua-  jjij",;';*'^ 

'ilri    hand-book.    ---— . -— --- 

Mhyhiaaide.over  the  dead  body,  ia  obtalDiai  '"1)'  ""eaiHilMliiCaBriary,  but  al*i  lo  i»e  b 

HtleelBdoeparlmenlof  miili«l»dBeattai,.-#rJ.i.*  ^""/'f  "^  ''"  'il^'^   /«       .i"A"^'™'    22" 

betmaenl  ediliun  Iheaniberhai  aatiralv  re-  I      In  n  wnrd,  thla  (Ightk  edltina  of  Dr.  Di 

in  many  oftbe  cbaplera  anrt  hai  ineurp'irainl  |  Mauuiil  of  Sartery  laali  that  the  aa^leal  - 

7!'°<hr^nfMi'iy''ifa^  B¥«r  CwatM  ttM  |  Jfnirt  \  '~-  ""■    -'"" — -* 


AND   80MENTIFIG    PrBlih)ATtOIfB. 


OALTON,  JH^  IJ.  O,  M.  D. 
FinreiioTar  Phyiiala^  in  Ihg  CulJCKt  of  Pbr>iciu*,F<ow  Yaik. 

A  TREATISE  ON  HUMAN  PHYSIOLOGY,  doaigneil  for  the  um  ftfStudon^ 

■nd  Pruelitiuncr*  of  Medicine.     Thin]  cdidnn,  reviaed,  with  nearlv  ihr»  bun 

(HI  woiKl.     In  one  very  beBDiifill  opttvo  volume,  of  TOO  pMef,  mini' eliHh,  fli  UO,     (Jk.f  Rim 

ISM.) 

Tbc  rinid  dennnd  for  inolker  edilion  o(  (hi*  work  •iini«ienlly-  •boon  Ihal  Ihi 

,  .  — .  u — <.  .1-  ..•andaid  and  porm«nenl  vnJue,  embiidjrinif  wllhili  1 
■-'■=-•-  •---' --'in  ilie  domain  orHuiw 


seeded  in  hh  etturlt 
PbyMi>lii)ty     Hi«  high  repulglioi 


I  .id   ponilTvely  b 


Iheud^'Kri.^ 

J  *f  inneo 

of  Ibe  duy. 

X,.  «efl 

nil  hax  be. 

en  fMred  to 

U  will  be 

HB,  Uerefore,  llitt  0 

eff»>n  hive 

ben  dire 

led  tuwurd 

won     The 

■ddllloit 

tarn  which 

ilar  11  bv 

rUM  in  a 

uulntvTi 

h,  *u  iki 

sax 

??^ 

SiS 

Q))7ier»er  wd  inrontigator,  i»  a  piernnlee  1h«(ta  I 
lecespary  lo  rendor  il  Iboroughly  oil  a  level  wilfc  I 
i;_L_j  .^.i^^l  Qiijuly  inrrensing  II 


deiirable  toil- 1  nun  euBrljr  •uaiihl  fur  ihan  U<  BtU.    Tiki  it  la 

e  biuuJi  W  Ui*  lOnt  manly  a  nprlnt,  trill  baaHnrii>inib«aiiIli(ir'a 

we  are  aware,  eiiiia  in  ,  ■nUBunt  of  the  lalov/'mt  prlBeluI  addltiona  nod 

erhapa  In  anf  other.  Wo   illeralnu  which  be  haa  aide.    The  pnarol,  lit* 

—  '-  — leadiDg  lit. '  ihaRralntilimi,!)  nrlnted  in  ihehlfheataiTlearillt 

lllilntead-  pr<B(pf••arl,andlhemlI■trBtinB*■rBtr«tTUlmln■ 
«^apted  In  ble  tot  their  al»anien  ia  expreuiiw  ea«Uv  wbH 
nd  to  which  their  aathar  iatsDdcri.— Buim  IStiurl  nd  anrgi. 
t/tluUU.    fafJearul.MatebK.lMI. 


bODlraiipiiB  phvalnlDiy.niiHiejieellenl  Id  thelrday,    ml,  aad  laeh  ai  will  render  tb< 
Id  uy  that  DaUua'a  w  the  only  nne  thaliivei  ai  the  '  valiiib1eud*ee''ptab!eEo  thepni 

lulenee  ai  It  waa  hauWD  lutte  but  phllnr-  '    -      -'  —' '~' ' ■'--'■ 

throughcml  the  world,  at  Ihe  be(ian.n|  of  tl 

itahll^B 


If  medielae.    All  I 

■   .W.Ttf„ 


lheGr«taditloa,aiidlbeaapai 
ilioBi,  apply  with  equal  forr 
irl  oa  phyaiolnffT  nan  be  pli 


dleiina,  the  facta  anahll^Ml  by  aiperiBeat,  or  I  atria  oT  th 

otber  awihud  nf  deaonaitation,  aiiddeUl]i,in  an  Ihla.    Noh« 

BDderatandibla  Banaer,  bow  it  ia  done,  bat  abataini  la  the  band  vt 

mimibedUenHiuBOfDnieilledarthAnniuealpfilnU.  Sarfiul  Jstii 

Herein  it  il  unique;  and  ibeie  ehametarlmiearrn         Then  addlllniu,  while  leiiifvinit  to  the  learnlu 

der  italat-bonk  wilhont  ■  r.v.l,  for  thoia  who  „d  iajartry  of  the  nthot,  render  the  booh  eiceia! 

wtwii^^lSj?l?o'5lt1«»™A^ltU   h™  lnglyu«fof,iitaein;«lflomplet««|>d,enfiiit    | 

ola%t  than  praaeatad  thai  lial  at  Ihs  loDndilloL  of  , 

•atuetpatlinhMlcalkaowledgBi  BBdtbiiintBraii  , 

Chebaalior  ralTonallhenpeaiiei;  iO  thai  path Jlo- 

■y,  in  fael,  beaoniei  of  puma  InparlODCE  in  Ihn  . 

E Ji.-. r j^y  praolleal  dalica.  ' 


sriipir  diMharae  of  oar  every- da 

--«'»eiiwiir<r«ur,  MiTilMl. 


a  call  Hi  for 


eaiated  In  the  form 

Sr.  Diltna  needi  no  word  of  priliD  fmn  oi.  He  cniapleul]-  fnliilled 
la  ani«(Hllr  reongoileo  ■•  amnng  ihe  firit.  If  not  profntlon  a  reliibli 
IbeverTSiii,  of  American  phfiiclogliii  now  living,  i  which 


■f  thii  deurrsdly  pc 
anpfliH 


Bi,  whMk 


Ich  it  treiia,  ID  my  ■■niowe. — JV.  Aaurttm 
fCkintg.  lUeuu,  Mayllisi. 

DUNQLISON,    FORBES,  TWEEDIE,    AND   CONOLLY. 
•THE  CYCLOPAEDIA  OF  PRACTICAL  MEDICINE:  oompmingTrMtiBeB  a 

the  Natare  and  Treatment  of  Uiuatieit,  Materia  Medics,  and  Therapeutiut,  Unwanee  of  Wobm 
and  Children,  Medical  Jurihprudenco,  lie.  Jco.      In  Tour  large  !Uper-roy«l  octavo  volunea,  ( 
3354  double-oolumned  pages,  strongly  and  boDdMiaely  bound,  with  rai^d  bandi.     S11  00. 
*^>  This  work  contain'  no  le^s  Ibaa  four  hundred  and  eighleen  dialincl  (realiwa,  coalribuled  bj    i 

aixty-eighl  ditiingainhed  phyiiiciens,  rendering  it  a  ocmplela  library  of  retereiiCB  for  Ibe  eounttf   j 

practitioner. 
The  moit  enmalele  wvrl  on  Praulieal  Medieli 
limuage-   ~    - 

' """Dnlluii,  ai^'oU^wV  it~ii7  ta 

lerit  OI  tbii  work  that  Iheprii     ' 
in  famlabed  by  practltloneri 


the  lay 


oe.il  il  above  all  price  lo  every  ptao- 

d^.lh, 

ul  0/  KtdiciiuiuulSurft. 

eaaea  ab. 

a™!: 

Africa 

to  <»,  both  aiieiriieT  anil  teacher,  a 
yind  frequFnt  refrrenee,  one  in  whidh 

light.— Atiitftaf  Siamfiur. 

I  wbiel 


acy>»ll| 


Twelfth  ailitlua,  with  the 
I  n"nl  aTle ,  »™''clatb .  of  MKI  pagri"  fl3  Su". 
«  TKBATI8E  OH  MB  P^yBIQAt 


DBWBKB'S  TREATISE  ON  THE  DI8EAiBW4 
OF  FEMALIifi.  Tenth  nil  Uun.  Id  nne  voliiDhi  F 
e«iwiiaKt»alotl».a»p^«i.wlUplaMa.  Wjj.  J 


BLANCHARU   ft    LEA'S    MEDICAL. 
M.D.. 


] 


iillcge,  PKiladflphli 
BlfLABOED  AUTD  REVISED  EDITIOn  OF  1865— :Just  Beady.) 
EDICAL   LKXlCONj   a  Diotionarj  of  Meditnl  8aicnoe,  aontdning 

"SxplBiiBlioD  dI  l(ie  vuious  Subie('l»  and  Teniii'  oJ  AnaiKiny,  PhyBioloay,  PaitiKlofir-  Hyfi«»«, 
t  Therapeulio  PbBrmanology.  PharmBcy,  Surgery,  Obrielric*,  Medical  J  urlfprtideucii,  mni(  Uea- 
^  11*117.  NalioororCllmBICBndorMiiierDlWiilert;  ForniDliir  Tor OlfiuiuBl,  Empirical,  uidDieWtia 
tC  f  repHrHliiint' :  Wiita  ibe  AcfeDIunlinn  uid  EiymoTogy  of  ihe  Terni',  >rid  ihe  FrencA  and  oitter 
■*ByBunyineF;  m  ua  In  runtlliule  a  Frriii  h  <i>  well  at  English  Medico!  Lrii'-on.  Tborauchly 
If  — :  _j  ...^  ygfy  (irfBllv  modified  and  migratnled.  In  one  irery  Inrge  and  hond>onic  roy»l 
mcor  lO-lS  doub[p'n>lumaed  pages,  in  "mall  Ifpe  i  slnnlgly  done  up  in  exrta  dMh, 
>ll  Ofl  :  leather,  tailed  liand*,  t6  ^5 


{KB»  of  Meil 

_, d  Ibiei  aud  Ij 

■  MCenlualion  oflbf  Icr 
"  ima  ide«  miy 


^^l  b»  Med 


■I  I^mroB  ii 


haruUgh  n 


iubjee 


uiore  iinnplela  Ihe  clymnli^  and 
■h  lilDV  and  labiit  beefl  expended  by 
III  ilii^  rial.  Itnt  altbuugb  ibe  pue  basljeen  augueBled 
1  MXiy  BBdoevenly  page!  have  been  added. 

— .  Ibe  BiilJior  bat  rvllIlllkl^ri  tin  IViiiik:'  iK'ciii'iiiDi,  il  haa  ever  bwn  bi- ardent  wi*h  In  make  Tbe 
'^rk  aTaiiaraoiorvand  dcsiraUe— ITikii  indirpen-uWe— l0)ii«>n,in  wbiphine  inquirer  may  ■eatcb, 
ipoinlincnl,  fi>r  every  lerm  Ibal  liK»  been  leglliitialed  ill  tbe  naniEHvla'uienr ibe  •rience: 
ently  prewnla  tliia  ediluia  as  baring  mure  ulaima  on  Ihe  atlenliw  ol  Ibe  pCBO(ili«WH 


January,  IbSS, 
J  .  The  <ilije<:l  iil'  Ibe  anlbur  flrum  the  ot 
■  lienary  01  lerioE,  bul  lo  aiTurd,  under  each  a  condniMd 
'"  '      '«  worlt  an  epiliin)e  of  Ihe 


I*  view,  Ihc  immense  denial 
!onip 
I  ButhArily 


ited  foi 


ite  ibo  worli  a  mere  IniMa 
•r  11*  various  medical  reJalion*,' 
cundlliuu  of  medioil  sCieg  " 

le  work  hai  enabled  hi 

itil  at  laDKih  it  hu  ailai 

ge«8p,.fen.    Thi*  h* 


JefcigniBed  and  standard  authrtrily  whe'ei-er  ii 
Bbed  by  Ihe  earnest  delerininulfan  lii  bring  t. 

J»  Bii»t  adranoeil  Pcindilioa  of  ooolemporary  medical  Mienir'    I  j.m 

[>|ti>  demanded  a  laore  patient  and  iBbormU*  elTorl  IblO  in  reii'l'      '  :::l 

mttf  the  wenU  of  the  ■ludeot  or  the  preMiil  day,  and  in  no  pri". .    .  -  > 

jr  iniroduoeJ  beau ao  large.    While,  iherefure,  Ibe  rgii.l.-  ,■ 

liniagiha  teraa  Jacmninuii  UKnmaatieiybimKlf.wiih  ih.  -',.1:  >  .  ■^■.:~, 

lent  and  praCli-lDner  wbir  wi>fa  a  Work  1c  Whtob  they  tun  ai  nil  imii-  iciei  wiib   mil'iiiliiig 
\Hx  Tor  all  wbich  il  ii  Ibfl  provini.'e  of  auuli  aboolclu  cnpply,  uiufl  eliil,  aa  herelufuie,  Iteep 
u>  micM  cdi'ioa  of  "Uini(msoii'BDiOTio!i*»*"  wilhinfeiPb, 

^  The  neohanical  exitcuiiun  uT  tbu  edition  will  be  found  greyly  BuperJw  lu  that  pT  previou)  inp 
ByenlarKiiVlbcalzflof  tbevolunts  loa  rnyalmiiavn,  anoby  Iheeinploymeul  ora»ri»»l! 
vpe  op  eitni  Goe  paper,  Ihe  idditiona  huve  been  inrMrporated  wiibuui  mHlL-imlly  increU' 
Ik  of  the  volume,  and  ibe  mailer  of  IWu  or  Ihree  ofilinury  oclnvos  has  been  coinpre»*d 
k>  tbe  apace  of  one  nol  unbaiuly  for  coiMHUall»i  and  relercuce. 
*  ■"  iicea  of  Ibe  previoua  sdiliiui  ere  aubJoincJ. 


^  whieh  it  baa  becumc  udi  UatyBai)  pl»>ure  tu 
BOUBeB,l>^<liipa|liaiiuialMapeB<J<maimiuuiiiiuil 
lahur  aind  ernilltinn  hi  medlral  lUfnturt.    Onn 

.JBldbanll/UHWW  after  euaannt  sac ')f  lbs  pro- 

MHeleBtly  Dill  utplaauliiGiif  enr)  oieilif*)  tern, 

itrau  kaeaktMad<(d,"iiriliia  earafal  ravMoa 
-    ewotb.    I    ■ 

niDrihix 

!Ani.~Bwffmla  Jlfid.  Jews,,  Jkn,  len. 
'nrk  ia  ■  BOBamtnt  of  paUuit  t*«areh, 
iiIgBint,  and  vaal  phyaical  labor,  Itial  will 
le  Ibe  BKBie  of  Ike  aatlini  aore  efeetBaUy 
'  poiaible  deviee  of  atuae  nr  nrUl.    Dr. 

■Bi  pruieaHuo,  uuioi  unwnllle  SMloal  world.— 
tariA  AtH.  MidiiB-CIHr.  Rnitu,  Jan.  1S58. 
tjt  MedlMl  Dletinurr  betler  adapted  for  lh«  wula 
Vfha  prufsiaiDB  than  any  other  with  iFhii-ii  v/t  are 
*-' — aisMI,  Bad  of  a  character  whinb  placei  ii  far 
e  noiniMTiKIB  lad  conpelitiDB.— ^m.  /Mini. 

I,  wttb  thelraeoonipaayiDaileEBitldDi',  may  be 
loeawtUaieanrw  worli,>y  itaeir.  We  have 
lined  Ihe  Dicliuaary  atteativelT,  aad  ere  miiat 
y  lopiunaDBiElt  anriralled  ofila  kiDd.  The 
Itiro  dlaplayed,  and  the  utTaordiBary  iodualry 

!h  maai  have  bcea  denaaiied,  in  It*  preoaratlaD 

rf  perfecHon.iMlouBd  10  tba  laaOag  #nih  vriM' 


ihciBwlve*  ■*  aiHaa  vriib  1 

nieilkiHnfonaiitliui B»l< 

r«amaI,Dsc,3l,  tBST, 
Good  lexloona  and  eaevcli 


eaevclnpidie  wotica  ■eaemllr. 

nsaeRJov;  aad  tbe  labor  whieh  ia  rniuired  10 
•eaihemia  the  perfcet  naner  of  Itaia  exaapie 
inetbWcaiipal'I'UI  lueODtsniplaie.  Tbeauihor 
.aaxd  (Einia  aad  sabJ«U  lo  Ihia  editbiB,  wblM, 


— WajYr'^>ZU!V'M'd.»^'swr',^a».Va«,'''' 

Ii  Ii  univcranllyaeknuwlvdgHl,  we  belieTF,  DM 

Dilaworh  laianmpaTBblr  tba  bssi  and  auxt  eaa^ 

pleM  Mwtled  Lrzlean  la  ihc  Bagliab  lai^B^i. 

.Medical  SieilDaar}  than  thla~SI.  Li 
Svrc.Jean.,  Jaa   IBK. 
It  ia  the  luBaJUtlDB  Bliioe  of  a  f  ood  1 

boek)  puicbaanl  by  Ibe  medical  alailei 

UeBiU*,Jan,ia». 


htfinl 


,  library  waatiag  a  enpy  of  Oaullana'a  Li 
lai  be  (■nperfe*!— r<«.  Laecd,  Jaa.  IMS 
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DUNQLI80N   (ROBLEY),   M.  D., 
ProfeMor  of  InttitmCM  of  Medieine  in  the  JdTenoB  Medical  Collef  e,  Philadelphia. 

HUMAN  PHTSIOLOOY.  Eighth  edition.  Thoroughly  revised  and  exten- 
sively modiied  and  enlarged,  with  ive  hundred  and  thirty-two  illu»trationA.  In  two  large  and 
Jtandsomely  prinled  octavo  volaniei»i  extra  doth,  of  abou  t  ISOO  pages.    S7  00. 

In  reviving  this  work  for  its  eighth  appearance,  the  author  h^*  spwred  no  labor  to  render  it  worthy 
a  continuance  of  the  vety  great  favor  which  has  been  extended  to  it  by  the  profession.  The  whole 
eontents  have  been  rearranged,  and  to  a  great  extent  remodelled ;  the  Investigations  which  oC  late 
years  have  been  so  numerous  and  so  important,  have  been  carefully  examined  and  incorporated, 
and  the  work  in  eirery  respect  has  been  brought  up  to  a  level  with  the  pre?*ent  state  of  the  subject. 
The  object  of  the  author  has  been  to  render  it  a  concise  but  comprehensive  treati!«e,  containing  the 
whole  body  of  physiological  science,  to  which  the  student  and  man  of  i>cience  can  at  all  times  refer 
with  the  certainty  of  finding  whatever  they  are  in  search  of,  fully  pre^iented  in  all  its  aspects;  and 
on  no  former  edition  has  the  author  bestowed  more  labor  to  secure  this  ret<ult. 


We  believe  that  it  can  traly  be  said,  no  more  com- 
plete repertory  of  facts  upon  the  subject  treated, 
can  any  where  be  fonnd.  The  anther  has,  moreover, 
that  enviable  tact  at  description  and  that  facility 
and  ease  of  expression  which  render  him  peculiarly 
acceptable  to  the  casual,  or  the  sCudiims  reader. 
This  facu'.ty,  so  requisite  in  setting  forth  many 
graver  aad  less  attractive  subjects,  lends  additi<mal 
eharms  to  one  always  fascinating. — Bottom  M*d. 
mmd  Surg.  Journal. 

The  moat  complete  aad  satisfactory  system  of 
Physiology  ia  the  English  laagaage.^ — Am»r,  Mtd. 
J^unuU. 


The  best  work  of  the  kind  in  the  English  laa- 
gnage. — Sillimau^s  Journal. 

The  present  edition  the  author  has  made  a  perfect 
mirror  of  the  science  as  it  is  at  the  present  hoar. 
As  a  work  upon  physiology  proper,  tie  science  of 
the  functions  performed  by  the  body,  the  student  will 
£nd  it  all  he  wishes.— Nas4riff«  Joum.  of  Mod. 

That  he  has  sueeeeded,  most  admirably  succeeded 
in  his  purpose,  is  apparent  from  the  appearance  of 
an  eighth  edition.  It  is  nowr  the  t  rest  encyclopedia 
on  the  subject,  and  worthy  of  a  place  in  every  phy- 
sician's library. — WtMtom  Laucot. 


BT  THB  SAKB  AtTTHOR.      (A  H«W  odtUoH.) 

GENERAL   THERAPEUTICS   AND-  MATERIA  MEDIOA;  adapted  for  a 

Medical  Text-book.  With  Indexes  of  Remedies  and  of  Diseases  and  their  Remedies.  Sixth 
Edition,  revised  and  improved.  With  one  hundred  and  ninety-three  illu.«trations.  In  two  large 
and  handsomely  printed  ocuvo  vols.,  extra  cloth,  of  about  1100  pages.   $6  50. 


In  aanouncing  a  new  edition  of  Dr.  Dnnglison's 
General  Therapeutics  and  Materia  Mediea,  we  have 
BO  words  of  corameadatitm  to  besUiw  upon  a  work 
whose  merits  have  been  heretofore  so  often  and  so 
Justly  extolled.  It  must  not  be  supposed,  however, 
that  the  present  is  a  mere  reprint  of  the  previous 
edition :  the  character  of  the  author  for  laborious 
researcn,  judicious  analysis,  and  clearness  of  ex- 
pression, is  fully  sustained  by  the  numerous  addi- 
tions he  kas  made  to  the  work,  and  the  earefal  re- 
vision to  which  he  has  subjected  the  whole. — If.  A. 
Modico-Chir.  RovUw,  Jan.  1688. 


The  work  will,  we  have  little  doubt,  be  bought 
and  read  by  the  majority  of  medical  studentsj  its 
size,  arrangement,  and  reliability  cecommend  it  to 
all;  no  one,  we  venture  to  predict,  will  study  it 
without  profit,  and  there  are  few  to  whom  it  will 
not  be  in  some  measure  useful  ns  a  work  of  refer- 
ence. The  younc  practitioner,  more  especially,  will 
find  the  copious  indexes  appended  to  this  edizion  of 
great  assistance  in  the  selection  and  preparati<m  of 
suitable  formulas.— C4ttff«sC(H»  Med.  joum.and  £«• 
eMW,  Jan.  1896. 


BT  THB  8AXB  AUTHOR.    {A  new  Edition,) 

HEW  REMEDIES,  WITH  FORMULA  FOR  THEIR  PREPARATION  AND 

ADBiflNISTRATION.    Seventh  edition,  with  extensive  Additions.    In  one  very  large  octavo 
volume,  extra  cloth,  of  T70  pages.    $4  CO. 


One  of  the  most  useful  of  the  author'a  worksv— 
SouUUm  Medical  aad  ^urgieal  Journal. 

This  elaborate  and  usefal  volume  should  be 
found  in  every  medical  library,  for  as  a  book  of  re- 
fsrenee,  for  physicians,  it  is  unsurpassed  by  any 
other  work  in  existence,  and  the  double  index  for 
diseases  and  for  remedies,  will  be  fonnd  greatly  to 
amhanee  ita  valae.-— IVIns  York  Mod.  Oaaotu. 


The  great  learaing  of  the  author,  and  his  remark- 
able inaustry  in  pusning  his  researches  into  every 
source  whence  information  is  deri  vable,have  enabled 
him  to  throw  together  an  extrnaive  mass  of  facta 
and  statements,  accompanied  by  full  reference  to 
authorities;  which  last  feature  renders  the  work 
practically  valuable  to  investiffators  who  desire  to 
examine  tne  original  papers. — Tks  American  Journal 
of  Pkarmacf» 


ELLI8  (BENJAMIN).  M.D. 
THE  MEDIOAL  FORMULARY :  being  a  Collcotioii  of  Presoriptions,  derived 

from  the  writings  and  practice  of  many  of  tlie  most  eminent  physicians  of  America  and  Europe. 
Together  with  tne  usunl  Dietetic  Prenarations  and  Antidotch  for  Poii^ouh.  To  which  is  added 
an  Appendix,  on  the  Endermic  use  of  Medicines,  and  on  the  use  of  Ether  and  Chloroform.  The 
whole  accompanied  with  a  few  brief  Pharmaceutic  and  Medical  Observations.  Eleventh  edition, 
carefully  revised  and  much  extended  by  Robbkt  P.  Thomas,  M.  D.,  Professor  of  Materia  Me- 
diea in  the  Philadelphia  College  of  Pharmacy.  In  one  volume,  8vo.,  of  about  300  pages.  $2  75. 
(Just  Issued.) 

On  no  previous  edition  of  this  work  has  there  been  so  complete  and  thorough  a  revision.  The 
extensive  olianses  in  the  new  United  Slates  Pharmacopoeia  have  necessitated  corresponding  alter- 
ations in  the  Formulary,  to  conform  to  that  national  standard,  while  the  progress  made  in  the 
materia  mediea  and  the  arts  of  prescribing  and  dispensing  during  the  last  ten  years  have  been  care- 
fully noted  and  incorporated  throughout,  it  i^  therefore  preMnted  a^  not  only  worthy  a  continuance 
of  the  favor  so  long  enjoyed,  but  as  more  valuable  than  ever  to  the  practitioner  and  pharmaceuti<tt. 
Thoii^o  who  poS!*ess  previous  editions  will  find  the  additional  matter  of  sufficient  importance  to 
warrant  their  adding  the  present  to  their  libraries. 
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THE  SCIENCE  AND  ^ 


In 


ERICHS^N   IJOHN: 

f  sun 

.    New  and  impmrrd 


»iSD( 


ne,  of  oi 


imn,  frnm  rhe  •«T™d  cnFar^r^ 
hunjwd  enfniYiiig*  on  www], 
tbonnncf  etoHlf  printed  pngeCf  rifrm  Hmh^ 


k«  bven  enlarfrd  In 


ingnirbcd  Tivorwith  which  ihiaworlc  bar  bcrn  i 

■ndircl  tulboriiy.     Every  poriliHi  hiu  hma  car 

•,  apil  Ihe  moHl  waichrul  care  hat  iwen  cierciivi 

■nerd  GonditiM  orsurgicKl  (ciciice.     In  Iliit  mu 

I  patKB,  while  Ihe  Kn»  oi"  enBravuig?  ha*  been 
of  ihe  miHl  iburoiighly  illudnled  volumiu  hcfnrvihe  prole> 

Of  nnitrri  unoecMMirv  ntwi  of  Ihe  aolee  ol  Ihe  former  An 

in  Ihit  ci>iinTi|y;  Bunw  few  nolep  and  o(M«iianl  illntUalNHia  hi>*e.  bulrei 

iinlriale  AraeriraB  modes  nf  pncliae. 
It  II,  in  OBr  huulilr  iaAcmtni  AteMrAli  thi  ,..._... 

Dvak  M  Ibe  lr)ni<  in  ihr  KnR)>>h  Itn^afp.    Biranri-    SimliMUFerilif  f att  i>  itecidril  — Sn*wW|f < , 
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FLINT  (AUSTIN),  M.  D., 
Pnraaao'  of  MeThnry  and  Pnelice  of  Mxdicine  in  Ihe  UnirEnlly  r>f  Lonianllc,**. 

fHTSlCAL  EXPLORATION  AND  DIAGNOSIS  OP  DISEASES  AFFECT- 

iNU  THE  RESFlKATOnV  ORGANS,      In  one  large  and  haodsamB  octaro  volume,  rxtn 

636pi>([eis. 

IB  wnrta  of  thia 


iiigiDai  obiinraliun  of  Ihe  kigliui  mciil 
liltMi  of. 


._ iotlly  ciamiaHl,  ii 

!  of  oarcfal  atadT  and  dlHriaiu 

:t     II  don  eradil  to  Ibe  antbor 

rofcHl'niinlMaeouDlrT 

1  wcCBnnot  call  (Tiry  book  apoD  aai^EI 

■admbic  book._Jn.jHir.  Mid.  SciiBcii 


Iha  marheO  HbiliU  at  iti  Imli 

■a  dsnlBBil  to  labe  ibeKrai  n 

oiBM.    Bo  Ibr  at  oar  iafomMlina  axMBaa.  ii  oa*  ai 
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dianoila  of  doubifal  nata.  anil  in  ihc^tiliiii  liabl 

ipoD  diflcall  pheanmaaa.— S^al*  Mii  JtSmtmt. 


ITHOE.     (iVoie  Rurfy.) 

A  PRACTICAL  TREATISE  ON  THE  DIAGNOSIS,  PATHOLOGY,  AND 
TREATMENT  OF  DISEASES  OF  THE  HEART.     In  one  iieal  nelnro  velnn»,  ol  aboM 
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il  adniiaUy  elm.  direct,  aid  free  frnm  dryaeta   ,  hudanf  eraty  Ineileao  itudrat  aad  (ibyueMB. — 
WlibDr-Wglibe'texeFtleBllrealiaebcrnrefli,  wi    It  Am.  M'i.Cklr.  Snuw. 
ha*.  B.>  kaailalloa  la  •■>inK  Ih.l  Dr.  Flial-a  b,H>k  i.  ,      wi.h  more  ihaa  pleaaar.  do 
the  be..  wn,k  OB  Ihe  he,rl  1=  -he  Bagl.ab  la<>|a.|.     ,h,.  ...^^  ,„,  „  (/[.,  ^,i^  ^ 
— Sanaa  ma.  ska  sarj.  jaaraoi,  hnok«  for  oar  lehonla.aBd  ia,  (i>r  tbe  piaol 

WrbBTSIbBaeadeaTDred  to  pieaenl  ns'  reaileia  '  Ihen^alintliMMtpraaUealwarhuriUkiad. 


ivo  Vulne 
tlra  cloth.     >&Oft, 
J,  wilh  lodei,  Tille  Mailer,  Se«.,  n 


GRAHAM  (THOMAS),  F.  R.  S. 
THE  ELEMENTS  OF  INORGANIC  CHBMI3TRY,  iooloding  the  AppHw- 

liona  af  the  Science  in  the  Arte.   New  and  tnnch  enlarged  edit  ion ,  hy  Hr.irt  Warn  and  Kobkbi 
B«IDBF3,  M.D,     Complete  in  one  larff-  —■  '-—' 

apueB,  with  iwo  hundred  and  Ihirty- 
%  Pirlll.,  compteiiog  the  work 
aeparale,  cloth  backn  and  paper  aidci 
Asai  Pre/.  B   n.  Htriftri.  Hawrari 
1(  haa.mita  earlier  an - 
familiar  to  moBdlhe 
Ihe  cleanieBa  aod  eoiap: 
bare  losg  been  my  adnli 
Mo  leader  of  Eagliah  ' 
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FOWNE8  (QEORQE),  PH.  D.,  Ac. 
A  MANUAL  OF  ELEiMENTARY  CHEMISTRY;  Theoretical  and  Practical. 

With  one  hundred  and  ninety-eeven  illui^tratioDs.    Edited  by  Robert  B&idobs,  M.  D.    Id  one 
large  royal  l2mo   volume,  of  600  pagefif  extra  cloth,  $2  00. 

The  death  of  the  author  faaviiiff  placed  the  editorial  care  of  this  work  in  the  practived  hands  of 
Drs.  Bence  Jone«  and  A.  W.  HoBman,  everything  ha»  been  done  in  iti«  revision  which  experience 
could  suggei*(  to  keep  it  on  a  level  with  the  rapid  advance  of  chemical  Hcienoe.  The  additions 
requisite  to  thi^  purpose  have  lleces^itated  an  enlargement  of  the  page,  notwithstanding  which  the 
work  has  been  increased  by  about  fifty  pages.  At  the  same  time  every  care  has  been  u<ed  to 
maintain  its  distinctive  character  as  a  condensed  manual  for  the  student,  divested  of  all  unnecessarv 
detail  or  mere  theoretical  speculation.  The  additions  have,  of  course,  been  mainly  in  the  depart- 
ment of  Organic  Chemistry,  which  has  made  such  rapid  progress  within  the  last  few  years,  but 
vet  equal  attention  has  been  bestowed  on  the  other  branches  of  the  subject — Chemical  Phy>ics  and 
inorganic  Chemistry — to  present  all  investigations  and  discoveries  of  importance,  and  to  keep  up 
the  reputation  of  the  volume  as  a  complete  manual  of  the  whole  science,  admirably  adapted  for  the 
learner.  By  the  use  of  a  small  but  exceedingly  dear  type  the  matter  of  a  large  octavo  \*  compressed 
within  the  convenient  and  p«)rtable  limits  oia  moderate  sized  duodf*cimo,and  at  the  very  low  price 
affixed.  It  is  oflered  as  one  of  the  cheapest  volumes  before  the  profession. 


Dr.  Pownes' excellent  work  has  been  universally 
reeogBiE«d  everywhere  in  his  own  and  thivcountry , 
as  the  best  elementary  treatise  on  ehesaiscry  in  the 
English  tonirae,  and  is  very  generaliv  adopted,  we 
believe,  as  the  standard  text-  book  ia  all  <  ared leges, 
both  literary  aad  acieutikc-^CharUtton  iUd.  Jourm. 

A  standard  maaoalj  which  haa  long  enjoyed  the 
reputation  of  embodving  much  knowledge  in  a  small 
apaee.  The  author  has  achieved  the  diffiealt  task  of 
eondensation  with  masterly  tact.  His  book  is  con- 
eiae  withoat  being  dry,  and  brief  without  beiag  too 
dogmatieal  or  geaeral.— Tir^mia  M»d.amd  Smgicml 
Jomruml. 


The  work  of  Dr.  Fownes  has  long  been  before 
the  pnblie,  and  its  merits  have  been  fully  appreci- 
ated as  the  best  text-book  on 'chemistry  now  in 
existence.  We  d<>  niit,  of  course,  place  it  in  a  raak 
saperior  to  the  works  of  Brande,  Graham,  Tamer, 
Gregory,  or  Gsaelin,  but  we  say  that,  as  a  work 
for  studeats,  it  is  preferable  to  aay  of  them.— L«i»- 
don  Journal  of  Medieint . 

A  work  well  adapted  to  the  wants  of  the  stadenl. 
It  is  an  excellent  exposition  of  the  chief  doctrines 
and  factsof  modem  chemistry.  Thesizeof  the  work, 
and  still  more  the  eondensed  yet  perapicuous  style 
in  which  it  is  written,  absolve  it  from  the  charges 
very  properly  arged  against  most  maaaals  tersned 
popalar.— £it«&«Tg&  Joumml  a/  Mtdicnl  Seione*. 


FI8KE  FUND  PRIZE  iSeSAYS  —THE  EF- 
FECT8  OF  CLIMATE  ON  TUBERCULOUS 
DISEASE.  By  Ei>WTifLBZ,M.R.C.  8  ,  London, 
and  THE  INFLUENCE  OF  PREGNANCY  ON 
THE  DEVELOPMENT  OF  TUBERCLES     By 


EnwAxn  WAmazii,  M.D  ,of  Edenton,N.C.  To- 
irether  in  one  neat  8vo  volume,  extra  cloth.  SI  <W. 
PRICK  OiN  RENAL  AFFECTIONS*;  their  Diag- 
nosis and  Pathology.  With  illastrations.  One 
volarae,  royal  Umo.,  extra  eloth.    7S  eeata. 


FERQU880N  (WILLIAM),  F.  A.  8., 

Professor  of  Surgery  in  King's  College,  London,  ^e. 

A  SYSTEM  OP  PRACTICAL  SURGERY.    Fourth  American,  from  the  third 

and  ealar^d  London  edition.    In  one  large  and  beautifully  printed  octavo  volume,  <A  about  700 
pagea,  wah  393  handsome  illastrations,  leather.  .  S3  dO. 

GRIFFITH  (ROBERT  E.),  M.  D.,  Ike. 

A  UNIVERSAL  FORMULARY,  coDtaming  the  methods  of  Preparing  and  Ad- 
ministering Officinal  and  otbar  Medicines.    The  whole  adapted  to  Physicians  and  Pharmaoeu* 

,  tiats.  Sbcond  Eoitiom,  thoroughly  revised,  with  numerous  additions,  by  Kobbet  P.  Thomas. 
M.  D.)  Professor  of  Materia  Medica  in  the  Philadelphia  College  of  Pharmacy.  lo  one  large  and 
handsome  octavo  volume,  extra  cloth,  of  650  pages,  double  columns.    S3  75. 


It  was  a  work  requiring  mach  perseverance,  and 
when  published  was  looked  upon  as  by  far  the  best 
work  of  its  kind  that  had  issued  from  the  American 
press.  Prof  Tboman  has  certainly  ^'improved,''  a» 
well  as  added  to  this  Formulary,  and  has  rendered  ii 
additionally  deserving  of  the  confidence  of  pharma- 
eeatists  and  physicians.— .Am.  Journal  qf  Pkarmacjf. 

We  are  happy  to  announce  a  new  and  improved 
•dition  of  this,  one  of  the  most  valuable  and  useful 
worka  that  have  emanated  from  an  American  pen. 
It  would  do  credit  to  aay  oounuy,  aad  will  be  found 
•f  daily  useAilness  to  practitioners  of  medicine;  it  is 
better  adapted  to  their  purposes  than  the  dispensaio 
tie:— Southern  Med.  and  Surg.  Journal. 

ItiaoneofihemosisaeAil  books  a  ooantry  practl 
tioier  can  possibly  have.— Jfsrftcai  CkronifU 


This  is  a  work  of  six  hundred  and  fifty  one  pages, 
embracing  all  on  tbt*  «ultjeci  of  prepaniia  and  admi> 
■ustering  medicines  that  can  i)e  desired  by  the  physi- 
(sian  and  pharmaceutic. —  WtUtrn  Lancet 

The  aoaouniof  useful, ever^-da>  matter. for  aprae- 
tieing  pbysician.  is  really  immense.— Sssfen  Mod. 
and  Surg.  Journal. 

This  edition  tias  been  ^reatl}  improved  by  the  re- 
vision and  ample  adilitions  of  Dr  Tiiomas,  and  is 
now,  we  believe,  oae  of  the  mosi  eomplete  works 
of  its  kind  in  any  language.  The  additions  amount 
to  about  M  venty  pages,  and  no  edort  ban  been  spared 
to  include  in  them  all  the  recent  improvements.  A 
work  of  this  kind  appears  to  us  indispeut>ahl^  to  the 
physic  Ian,  and  liiere  ia  none  we  can  more  eordiallv 
r«k<»nmm(*nd..— y.  Y.  Joumml  of  Mediein: 


QAOS8  (SAMUEL  D.),  M.  D. 
Professor  of  Surgery  in  the  Jeffsrson  Medical  College  of  Philadelphia,  A;c. 

ELEMENTS  OF  PATHOLOGICAL  ANATOMY.    Third  edition,  thoroughly 

revised  and  greatly  improved.    In  one  large  and  very  handsome  octavo  volume,  with  about  three 

hundred  and  (ifty  beautiful  illustrations,  of  which  a  large  number  are  from  original  drawings, 

extra  eloth.    $4  UO. 

The  very  rapid  advanees  in  the  Science  of  Pathological  Anatomy  during  the  last  few  years  have 
rendered  essential  a  thorouffh  modification  of  this  work,  with  a  view  of  making  it  a  correct  expo- 
nent of  the  present  slate  of  the  subject.  The  very  careful  manner  in  which  this  task  has  been 
executed,  and  the  amount  of  alteration  which  it  has  ludergone,  have  enabled  the  author  to  say  that 
"  with  ihe  many  changes  and  improvements  now  introduced,  the  work  may  be  regarded  almost  as 
a  new  treatise,"  while  the  efiorts  of  the  author  have  been  aeoonded  aa  regards  the  mechanical 
ezeoutioB  of  the  volume,  reoderiog  it  one  of  the  handaomeat  productiooa  of  the  American  preaa. 


BLANCHARD  ft   LGA'B   MBOIOAL 


EnUrgsd  Edition.    Now  ReBdy. 
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QROS8  (SAMUEL  D.),  M.  D., 
Profeifor  of  Sorgery  in  Che  Jefferton  Medical  College  of  PhU«del|riiia,  ftc. 

A  PRACTICAL    TREATISE  ON   THE   DISEASES,    INJURIES,  AND 

MALFORMATIONS  OF  THE  URINARY  BLADDER,  THE  PROSTATE  GLAND,  AND 
THE  URETHRA.  Second  Edition,  revised  and  much  enlarged,  with  one  hundred  and  eighty- 
four  illustrations.  In  one  large  and  very  handsome  octavo  volume,  of  over  nine  hundred  pages, 
extra  cloth,  $4  00. 

Philosophical  in  its  design,  methodical  in  its  ar-  I  agree  with  ns,  that  there  is  no  work  In  the  English 
rangement,  ample  and  snand  in  its  practical  details,  language  which  can  make  any  jnst  pretensions  to 
it  may  in  truth  be  said  to  leave  scarcely  anything  to   be  its  equal.— N.  Y.  Janmml  o/Midiein*. 


be  desired  on  so  important  a  subject. — Boston  Mtd. 
msid  Snrg  Journal. 

Whoever  will  peruse  the  vast  amount  of  valuable 
practical  infonnation  it  contains,  will,  we  think, 


A  volume  replete  with  truths  snd  principles  of  the 
atmost  value  in  the  investigation  of  uese  aiseases.— 
Anuriean  Mtdical  Joumai, 


GRAY  (HENRY),  F.  R.  8., 
Lecturer  on  Anatomy  at  St.  George's  Hospital,  London,  ^e. 

ANATOMY,  DESCRIPTIVE  AND  SURGICAL.      The  Drawings  hj  H.  V. 

CARTxai  M.  D.,  late  Demonstrator  on  Anatomy  at  St.  George's  Hospital ;  the  DiAt«ections  jointly 
by  the  Author  and  Dr.  Carter.'  Second  American,  from  the  second  revised  and  improved 
IJondon  edition.  In  one  magnificent  imperial  octavo  volume,  of  over  800  pages,  with  38S  larffs 
and  elaborate  engravings  on  wood.    Price  in  extra  cloth,  $7  00;  leather,  raised  band»,  $8  00 

The  speedy  exhaustion  of  a  large  edition  of  this  work  is  sufficient  evidence  that  its  plan  ond  exe- 
cution have  been  found  to  present  superior  practical  advantages  in  facilitating  the  studv  of  Anato- 
my. In  presenting  it  to  the  profession  a  second  time,  the  author  has  availed  himself  of  the  oppor- 
tunity to  supply  any  deficiencies  which  experience  in  its  u»e  had  shown  to  exii>t,  and  to  correct 
any  errors  of  aetail,  to  which  the  first  edition  of  a  scientific  work  on  so  extensive  and  complicated 
a  science  is  liable.  These  improvements  have  resulted  in  some  increase  in  the  size  of  the  volume, 
while  twenty-six  new  wood-cut*  have  been  added  to  the  beautiAil  series  of  illustrations  which 
form  so  distinctive  a  feature  of  the  work.  The  American  edition  has  been  passed  through  the  press 
under  the  supervision  of  a  competent  professional  man,  who  has  taken  every  care  to  render  it  in 
all  retipects  accurate,  and  it  is  now  presented,  without  any  increase  of  price,  as  fitted  to  maintam 
and  extend  the  popularity  which  it  has  everywhere  acquired. 

With  little  trouble*  the  busy  practitioner  whose    work  of  Mr.  Gray  to  the  attention  of  the  medical 

knowledge  of  anatomy  may  have  become  obscured  by  profession,  feeling  certain  that  it  should  be  regarded 

want  of  practice,  may  now  resuscitate  his  former  aa  one  of  the  most  valcable  contributions  ever  made 

anatomical  lore,  and  be  ready  for  any  emergency,  to  educational  literature.—/^.  Y.  Momhlf  RovUw, 

It  is  to  this  class  of  individuals,  and  not  to  the  stn-  Dec.  1860. 

dent  alone,  that  this  work  will  ultimately  tend  to  .    ^i.-      i                       ^  ^v          ^    «  .•     ^ 

be  of  most  inealeulable  advantage,  and  we  feel  sat-  -  " J^?"  ^*V*^» '^f  I*^"**  **»•  ^®'*  <*f  M'*  9^Y  *» 

isfied  that  the  library  of  the  medical  man  will  soon  far  better  adapted  to  tjie  wants  of  the  profession, 

be  considered  incomplete  in  which  a  copy  of  this  "d  especially  of  the  student,  than  any  treaUwj  on 

work  does  not  exist.-  Madras  QnarUrlf  lourmal  wiatomyyetpublishedinthiscountrv.  ft  is  destined, 

o/Msd.  Seienety  July,  1861.  we  believe,  to  supersede  all  others,  both  as  a  manual 

mu-     J  ,.2      ill            J      J     1        J       J  of  dissections,  and  a  standard  of  reference  to  the 

This  edition  Is  much  improved  and  ralarged,  and  .tudont  of  general  or  relative  anatomy. -iV.  Y. 

eonuina  several  new  illustrations  by  Dr.  Weatma-  roumal  of  Msdieins,  Nov.  1859. 
eott.    The  volume  is  a  complete  companion  to  the 

dissecting-room,  and  saves  the  necessitv  ofthe  atu  in  our  Judgment,  the  mode  of  illustration  adopted 

dent  Dossesaing  a  variety  of «« Manuals.»»-T»s  Lon-  in  the  present  volume  cannot  but  present  many  ac^ 

aon  Lonetty  Feb.  »,  1881.  vantages  to  the  student  of  anatomy.    To  the  zealous 

The  work  before  us  is  one  entitled  to  the  highest  disciple  of  Vesalius.  earnestly  desirous  of  real  im- 

praise,  and  we  accordingly  welcome  it  as  a  valu-  provement,  the  book  will  certainly  be  of  immense 

able  addition  to  medical  literature.    Intermediate  yalue;  but,  at  the  same  time,  we  must  also  confess 

in  fulness  of  detail  between  the  treatises  of  8nar-  that  to  those  simply  desirous  of  <<eramming"  it 

pey  and  of  Wilson,  its  characteristic  merit  lies  in  will  be  an  undoubted  godsend.    The  peculiar  value 

the  number  and  excellence  of  the  eiu^ravings  it  of  Mr.  Gray  *s  mode  of  illustration  is  nowhere  more 

eontains.     Most  of  these  are  original,  of  much  markedly  evident  than  in  the  chapter  on  osteology, 

larger  than  ordinary  size,  and  admirably  executed,  and  especially  in  those  portions  whieh  treat  of  the 

The  various  parts  are  also  lettered  after  the  plan  bones  of  the  head  and  of  their  development.    The 

adopted  in  Holdea*s  Osteology.    It  would  be  diA-  study  of  these  parts  is  thus  made  one  of  comparative 

cult  to  over-estimate  the  advantaaes  offered  by  this  ease,  if  not  o^positive  pleasure :  and  th<»se  bugbears 

mode  of  pictorial  illustration.  Bones,  ligaments,  i  of  the  student,  the  temporal  and  sphenoid  bones,  are 
muscles,  bloodvessels,  and  nerves  are  each  in  tarn  -  shorn  of  half  their  terrors.    It  is,  in  our  estimation, 

figured,  and  marked  with  their  appropriate  names;  an  admirable  and  complete  text-book  for  the  student, 

thus  enabling  thestndent  to  ermprehend,ata  glance,  and  a  useful  work  of  reference  for  the  practitioner; 
what  woulo  otherwise  often  be  ignored,  or  at  any  i  its  pictorial  character  forming  a  novel  element,  to 
rate,  acquired  only  by  prolonged  and  irksome  aiH  ,  which  we  have  already  sufficiently  alluded.— ittn. 
plication.    In  conclusion,  we  heartily  commend  tne  •  Joum.  Msd.  Set.,  July,  1869. 


GIBSON*S  INSTITUTES  AND  PRACTICB  OP 
SURGERY.  Eighth  edition,  improved  and  al- 
tered. With  thirty-four  plates.  In  twohandsome 
octavo  volumes,  containing  about  1,000  pagea, 
leather,  raised  band  i.    96  60. 

GARDNER'S  MEDICAL  CHEMISTRY,  for  the 
use  of  Students  and  the  Profession.    In  one  roya| 


TICE  OP  AUSCULTATION  AND  OTHER 
MODES  OP  PHYSICAL  DIAGNOSIS.  IN  DIS- 
EASES OP  THE  LUNGS  AND  HEART.  Se- 
cond edition  1  vol.  royal  IVmo.,  ex.  cloth,  pp. 
304     tl  00. 

HOLLAND'S    MEDICAL    NOTES    AND    RE- 
PLECTfONS.    Prom  the  third  London  edition. 


l«mo.  vol.,  cloth,  pp.  306,  With  woodouU.    tl.l     in  „ne  handsome  ocuvo  volume,  extra  cloth. 


GLUGE'S  ATLAS  OP  PATHOLOGICAL  HIS 
TOLOGY  Translated,  with  Notes  and  Addi- 
tions, by  JosBPH  Lbidt,M.  D.  In  one  volume, 
very  large  imperlat  quarto,  extra  cloth,  with  39iO 
copper- plate  ngures,  plain  and  colored,  94  00. 

HUGHES'  INTRODUCTION  TO  THE  PRAC 


•390. 

HORNER'S  SPECIAL  ANATOMY  AND  HIS- 
TOLOGY. Eighth  edition.  Bxtensiv My  revised 
and  modified.  In  two  larae  octavo  volumes,  ex- 
tra cloth,  of  more  than  1000 pages,  with  over  300 
illaatrations.    96  00. 


BijAHOUARy  B    LEA'S    HBDlCAb 

HAMILTON  (PRANK  H.I,  M.  D., 
prDfiHor  at  Surgery  la  ibe  L-mg  Uland  Cii][(«e  a<vn\M. 

A   PRACTICAL   TREATISE   ON   FRACTURES   AND   DISLOCATIONS. 

paget,  Willi  niwrly  300  llluxlrnluin^,  extra  d»ib,f-^  GO      yjuii  Rtady.Kk^,  1S63.) 

The  enrlv  demniid  fur  a  rww  ediiion  ot  Ihij  irorlt  Khuvri  that  il  bv  been  iiicceapfnl  in  fecurug 

tbcci^nflil'm-eiiriliF  prolinwion  a<  >  ilnndaril  authorily  Inr  oiin*iil1BIi>m  ■■■d  reicKniw  on  it*  impun. 

•nt  »nd  difficult  nihjeei.     In  »^sjn  puling  il  Ihroiigfi  llw  pret*,  Ibe  lUihar  bi*  takfit  Itw  opp-fTB- 

niiv  1"  rtvi**  ii  mrefully,  (ad  rrirodiioe  whnlever  improveinFaif  h«re  been  •nnrwred  by  fu'ibet 

lii>«rvBiion     An  addiiiiinsl  chapter  ou  Gun-inul  Fraoiure*  will  be  ruiuiil  w  mAifi 

lu  ibK  eiigcncie*  urihe  ttme. 
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HOOGEfHUGH    L.I,    M.D., 

PcareHii(urMldwiretyandIlieDiH»«;>ur  WumfaeDilChlldieDlnUeUniteriKyorFennaylnaja,  kt. 

ON    DI8KASES   PECULIAR   TO  WOMEN,  iocludinR  DUplaccmenU'!  of  tb« 

Uleruf.     Wilh  original  illiulraliuoB.     lii  oue  b«aulirully  priuled  uclavo  volume,  ol  aeKrl]rOOO 
pages,  exira  clolb.    S3  M. 
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HODQE  (HUQH  L.),  M*.  D., 

Late  ProflMwir  of  Mldwtfi»ry,  Ac,  In  the  UnWfir^ity  ofPeDn^ylTaaiA. 

PRINCIPLES  AND  PRACTICE  OF  OBSTETRICS.    In  one  large  quarto 

v<dumA  oforer  550  peges,  with  one  hundred  and  fifty-eight  ftgures  on  thirty  two  beaiitifuHy  exe- 
cuted lithographic  plates,  and  numerous  w6od-cuts  in  the  text.    914  00.    {PFow  Bsady.) 

Thiit  work,  embodying  the  results  of  an  extensive  practice  for  more  than  fort^  yeari*.  cannot  fkil 
to  prove  of  the  utmotft  value  to  all  who  are  engaged  in  this  department  of  medicine.  The  author's 
ponitioo  as  one  of  ihe  highest  authorities  on  the  subject  in  this  country  is  well  known,  and  the  fruit 
of  his  ripe  experience  and  long  observation,  carefully  matured  and  elaborated,  must  serve  as  an 
invaluable  text-book  for  the  student  and  an  unfailing  counsel  for  the  practitioner  in  the  emergencies 
which  so  frequently  arise  in  obstetric  practice. 

The  illustrations  will  form  a  novel  feature  in  the  work.  The  lithographic  plates  are  ail  original, 
and  to  insure  their  absolute  accuracy  they  have  all  been  copied  from  photographs  taken  expressly 
for  the  purpose.  In  ordinary  obstetrical  plates,  the  positionsof  the  Icetus are  repre^'enled  oy  dia- 
gram!<  or  sections  of  the  patient,  which  are  of  course  purely  imaginary,  and  their  correctness  is 
scarcely  more  than  a  matter  of  chance  with  the  artit^t.  Their  beauty  as  pictures  i*  thereby  increased 
without  corresponding  utility  to  the  student,  as  in  practice  he  must  for  the  most  part  depend  for  his 
diagnosis  upon  the  relative  positions  of  the  festal  skull  and  the  pelvic  bones  of  the  mother.  It  is, 
ttierefore,  oesirable  that  the  points  upon  which  he  is  in  future  to  rely,  should  form  the  basis  of  his 
iuhtruction,  and  consequently  in  the  preparation  of  the^e  illustrations  the  skeleton  has  alone  been 
u^d,  and  the  aid  of  photography  invoked,  by  which  a  series  of  representations  has  been  secured  of 
Ihe  strictest  and  most  rigid  accuracy.  It  is  easy  to  recognize  the  value  thus  added  to  the  very  full 
detai's  on  the  subject  of  the  Mechanism  of  Labour  with  which  the  work  abounds 

Ji  may  be  added  that  no  pains  or  expense  will  be  spared  to  render  the  mechanical  execution  of  the 
volume  worthy  in  every  respect  of  the  character  and  value  of  the  teachings  it  contains. 


HABER8HON  (8.  O.),  M.  D., 

Assistant  Physician  to  and  Leetorer  on  Materia  Medics  and  Tberapeatics  at  Gay  *s  Hospital,  fte. 

PATHOLOGICAL  AND   f^RACTICAL  OBSERVATIONS  ON  DISEASES 

OP  THE  ALIMENTARY  CANAL,  (ESOPHAGUS,  STOMACH,  CiECUM,  AND  INTES- 
TINES. With  illustrations  on  wood.  In  one  handsome  octavo  volume  of  312  pages,  extra 
cloth     S2  -^5. 

HOBLYN  (RICHARD  D.),  M.  D. 

A  DICTIONARY  OP  THE  TERMS  USED  IN  MEDICINE  AND  THE 

COLLATERAL  SCIENCES.    A  new  American  edition.    Revised,  with  numerous  Additions, 
by  Isaac  Hats,  M.  D.,  editor  of  the  "  American  Journal  of  the  Medical  Sciences."    In  one  large 
royal  12mo.  volume,  cloth,  of  over  500  double  columned  pages.    91  50. 
To  both  practitioner  and  stndent^  we  recommend    nse ;  embraeing  every  department  of  medical  selenoa 


this  dictionary  as  being  convenient  in  aise,  aceurate 
in  definition,  and  snmeiently  full  and  complete  for 
ordinary  eaoMultation.—CkarUatom  Mtd-  Jonm. 

We  know  of  no  dietionary  better  arranged  and 
adapted.  Itisnotencumbered  with  theobsoletetenm 
of  a  bygone  age,  but  it  contains  all  that  are  now  in 


down  to  the  very  latest  date.— Wl»t«ra  Lancet. 

Hoblyn*s  Dictionary  has  loaa  been  a  favorite  with 
tts.  It  is  the  best  book  of  definitions  we  have,  and 
ought  always  to  be  apon  the  student's  table.— 
SouHUm  Mild,  mitd  Surg.  J^wmtU . 


JONES  (T.  WHARTON),  F.  R.  8., 

Professor  of  Ophthalmie  Medieine  and  Surgery  in  University  College,  London,  4kc. 

THE  PRINCIPLES  AND  PRACTICE  OF  OPHTHALMIC    MEDICINE 

AND  SURGERY.  With  one  hundred  and  seventeen  illustrations.  Third  and  revised  Ameri- 
can, with  additions  from  the  seconc  London  edition.  In  one  handsome  octavo  volume,  extra 
cloth,  of  455  pages.    93  00. 

Seven  years  having  elaps<ed  since  the  appearance  of  the  last  edition  of  this  standard  work,  verv 
considerable  additions  have  been  found  necessary  to  adapt  it  thoroughly  to  the  advance  of  ophthal- 
mic science  The  introduction  of  the  onhthalrooscop|0  has  resulted  in  adding  greatly  to  our  know- 
ledge of  the  pathology  of  the  diseases  of^the  eye,  particularly  of  its  more  deeply  seated  tissues,  and 
corresponding  improvements  in  medical  treatment  and  operative  procedures  have  been  introduced. 
All  these  matters  the  editor  has  endeavoured  to  add,  bearing  in  mind  the  character  of  the  volume  as  a 
condensed  and  practical  manual  To  accommodate  this  unavoidable  increase  in  the  size  of  the  work, 
its  form  has  been  changed  from  a  duodecimo  to  an  octavo,  and  it  is  presented  as  worthy  a  continu- 
ance of  the  favour  which  has  been  bestowed  on  former  editions. 

A  complete  series  of  **  test-types**  for  examining  the  accommodating  power  of  the  eye,  will  be 
found  an  important  and  usefVil  addition. 


JONES  (C.  HANDFIELD),  F.  R.8.,  8l  EOVS^ARD  H.  8IEVEKINQ,  M.D., 

Assistant  Physicians  and  Lecturers  in  St.  Mary*s  Hospital,  London. 

A  MANUAL  OF  PATHOLOGICAL  ANATOMY.    First  American  Edition. 

Revised.    With  three  hundred  and  ninety-seven  handsome  wood  engravings.    In  one  large  and 
beautiful  octavo  volume  of  nearly  750  pages,  extra  doth.    S3  50 


As  a  concise  text-book,  euntainin|f,  in  a  condensed 
form,  a  eomp!ete  outline  of  what  is  known  in  the 
domain  of  Patholugieal  Anatomy,  it  is  perhaps  the 
best  work  in  ihe  Hnglish  language.  Its  great  merit 
eonsistt  in  its  completeness  and  brevity,  and  in  this 
respect  it  supplies  a  great  desideratom  in  onr  lite- 
rature.   Heretofore  tne  student  of  pathology  was 


obliged  to  glean  from  a  great  namber  of  monorrapks. 
and  the  field  was  so  extensive  that  bat  fewcuUivatea 
it  with  any  degree  of  suceess.  As  a  simple  work 
of  reference,  therefore,  it  is  of  great  value  to  the 
student  of  pathological  anatomy,  snd  should  be  in 
every  physician's  library.— Wisism  Lmmcu,  ^ 
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Amerioaii,  from  the   third  ud 
■HIE.    Ib  one  large  wid  fauidMnne  roy«! 


MANTIAL   OF   l'HySI0U)OY. 

improved  Loiidnn  edition.    Wtlh  IWo  hcindre 
ISnio.  volume,  nln  clolh.     pp.  386.     »a  00. 
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LALLEMAND  AND  WILSON. 
A    PRACTICAL    TREATISE    ON    THE   CAUSES, 

TREATMENT  OF  SPEHMATORRHtEA.     ByM.  L*i 
UiNHV  J   McDouOALL.     Third  American  .^diiion.    Tow 
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idded UN  DiSKASCS 

iBOANx.     Wirti  rproul  rcfcr- 
MsmbrBae.    By  Makui 


LA   ROCh 
YELLOW  FEVER,  ooaaidered  in 

Therapeou™!  Bclaliona.  iDciudiiig  a  3 
iroiQ  lij99io  1854,  wilb  an  eXHinmaUuno 
Ilie  ^Bitie  name  in  other  parlour  lempii 
kandsoiQe  ucirvdvoIuidbsuI' nearly  ISbO 
rrim  Prs/tfjgt  S.  B.  Dicktm,  HmtUiuh,  . 


E  IR.),   M.D.,  Slc. 
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its  Hietoricft!,  Pathological,  Etioloracsl,  uid 

:eich  of  tbe  DiseBH  b6  il  haftoei-iirnsd  in  Phdadelphu 


rdayandbyoi 


anSdDblHtly  the  mini 
blioallDn  onr  eoaatry 
rworHtaaUTtUngraa' 


lloiiHij  thattt 
babilily  tbai  a  i 


uri  b«o  prsvwUDg  in  oar  eoBairr 

rj  villaaei,  nluiaiioDa,  aadar*- 
I  troalsd  wiu  *e*r««ly  Mllai  m»- 
irlyoi  faitr  jroataagu;  thai  tkna 

■■naive  ireailK  vlll  •>■  vrrjfcaa- 

tujLlii.—Mimflat  Mid.  RtttriH. 


]poscd  ConocctioD,  Pathological  and  Etioloipcnl,  with  An- 

[inquiry  inioihe  Eiirfen«  and  Morbid  Age  uf"      '^- 

Klraclolb,  olSOOpugtn.    (3  00. 


^olo^cnl, 


LAWRENCE  IW.),  F.  R.  S.,  &C. 
A  TREATISE   ON   DISEASES   OF   THE   EYE.    A    new  edition, 

—  ■'  1diliiin,>,onda43illu>.inilion^,  by  Isaac  HaVs.M.U.   '"  "    "' ■' 


m 


si  950  pugeii,  alruagty  bound  in  leallio 


LUDLOW  (J.  L.>,   M.  D. 
A  MANUAL  OF   EXAMINATIONS  npon  Anatomy,  Physiology,   Sm 


^n.MMeriB  Mediea 
b  ii>  added  b  Medk«l  Foriimlary.    Third  ediliun,  lb 
enlar^.     Wilb  370  illUBlraliaaa,      la  one  hwidKi: 
p,  extra  aloIb,«3  00. 
aow  nf  so  bittireomiwDiun  Tor  Uiea 
t  a  glance,  biameouiiy  ai  llie  rariuiu  tupiui  |  biat,lJU7. 


,',  Pharmacy,  ■ 

'uugbly  reviied  and  gte* 

e  tuyal  Idmo.  volume,  i 


'""S^i 


AMD  SOIENTIPIG   PUBLICATIONS.  31 

LEHMANN  (C.  Q.) 
PHYSIOLOGICAL   CHEMISTRY.     Translated  from  the  second  edition  by 

OioKOB  E.  Day,  M.  D.,  P.  R.  S.,  ftc.,  edited  by  R.  E.  Rookrs,  M.  D.,  ProfenMor  of  Ghemittry 
in  the  Medical  Depertment  of  the  Uahreraity  of  Penotiylvafiia,  with  iUuMratioDS  Mslected  from 
Punke's  Atla«  of  Pnysioloi^ioal  ChemistrVf  tnd  an  Appendix  of  platen.  Complete  in  two  large 
and  handsome  octavo  volumes, extra  cloth,  containing  1200 pages,  with  nearly  two  hundred  illus- 
trations.   $6  00. 

The  most  important  contribation  as  yet  made  to 
Phyaiolngiral  Chemistry.— il«i.  /o«fiMi/  M§d.  8ei» 
me<«,  Jan.  18S6. 


The  work  of  Lehmaan  staads  nnriiralled  at  the 
■ost  eomprehentive  b«N)k  of  reference  and  informs- 
tion  extant  on  every  branch  of  the  inbject  on  whieh 
it  treats.— jEdta^argA  Journal  ^f  MUdieui  Seunet. 


BT  TRK  8AMB  AUTHOR. 

MANUAL  OF  CHEMICAL  PHYSIOLOGY.      Translated  from  the  German. 

with  Note8  and  Additions,  by  J.  Crxston  Moeru,  M.  D.,  with  an  Introductory  Essay  on  Vital 
Porce,  by  Professor  Samubl  Jacksom,  M.  D.,  of  the  University  of  Pennt^rlvania.  With  illus- 
trations on  wood.    In  one  very  handsome  octavo  volume,  extra  cloth,  of  336  pages.    92  35. 


LYONS  (ROBERT  D.),   K.  C.  C, 

Late  Pathologist  in-chief  to  the  British  Army  In  the  Crimea,  fte. 

A  TREATISE  ON  FEVER;  or,  selections  from  a  course  of  Lectures  on  Fever. 

Being  part  of  a  coun^  of  Theory  and  Practice  of  Medicine.    In  one  neat  octavo  volume,  of  3(9 
pages,  extra  cloth ;  S2  25.    (Just  Issued,) 


Thii  it  an  admirable  work  uptm  the  most  remark- 
able and  most  important  class  of  diseases  to  which 
maakind  are  liable.— Afsd.  Jsum.  •/  N.  Cmrolinm, 
May,  1861. 

We  have  great  pleasure  in  recommending  Dr. 


Lyons'  work  on  Fif>tr  to  the  attention  of  the  pro- 
fession. It  i>  a  work  which  cannot  fail  to  enhance 
the  anthor's  previoaa  well-esrned  reputation,  as  a 
diligent,  carefnl,  and  acearate  observer.— Br«i«j4 
Mtd.  Joumalj  March  3, 1881. 


MEIQ8  (CHARLES  D.).  M.  D., 

Lately  Professor  of  Obstetrics,  4te.  in  the  Jefferson  Medical  Collie,  Philadelphia. 

OBSTETRICS :  THE  SCIENCE  AND  THE  ART.    Fourth  edition,  revised 

and  improved.  With  one  hundred  and  twenty-nine  illuHtrations.  In  one  beautifully  printed  octave 
volume,  of  seven  himdred  and  thirty  large  pages,  extra  cloth,  $4  50. 

PBX>af  THX  Aitthor's  Prepack. 

"  In  this  edition  I  have  endeavored  to  amend  the  work  by  changes  in  its  form ;  by  careful  cor- 
rections ot  many  expressions,  and  by  a  few  omissions  and  nonie  additions  as  to  the  text. 

**  The  Student  will  find  that  I  have  recast  the  article  on  Plaoenta  Prievia,  which  1  was  led  to  do 
out  of  my  dcHire  to  notice  certain  new  modes  of  treatment  which  I  regarded  as  not  only  ill  founded 
as  to  the  philot«ophy  of  our  department,  but  dangerous  to  the  people. 

**  In  chunging  the  form  of  my  work  by  dividing  it  info  paragraphs  or  sections,  numbered  from  1 
to  959, 1  thought  to  present  to  the  reader  a  common-place  book  of  the  whole  volume.  Such  a  table 
of  contents  ought  to  prove  both  convenient  and  useful  to  a  Student  while  attending  public  lectures.*' 

A  work  which  has  enjoyed  so  extensive  a  reputation  and  has  been  received  with  such  ^peneral 
favor,  requires  only  the  ansurance  that  the  author  has  labored  assiduously  to  embody  in  his  new 
edition  whatever  has  been  found  necessary  to  render  it  fully  on  a  level  with  the  most  advanced 
Mate  of  the  subject.  Both  as  a  text-book  for  the  student  and  Cs  a  reliable  work  of  relerence  lor 
the  practitioner,  it  is  therefore  to  be  hoped  that  tlie  volume  will  be  foimd  worthy  a  continuance  ot 
the  confidence  reposed  in  previous  editions. 

BT  THX  SAMB  AUTHOR.     (Just  IsSUSd.) 

WOMAN :  HER  DISEASES  AND  THEIR  REMEDIES.  A  Series  of  Lec- 
tures to  his  Class.  Fourth  and  Improved  edition.  In  one  large  and  beautifully  printed  octave 
volume,  extra  cloth,  of  over  700  pages.      $4  JX). 

la  other  respects,  in  our  estimation,  too  mneh  ean-  whieh  cannot  fail  to  recommend  the  volame  to  the 

not  be  said  in  praise  of  this  work.    It  abounds  with  attention  of  the  reader.— JioidUfig'f  Abstract, 

beautifnl  pssssges,  and  for  conciseness,  for  origin-  ..       ^  ,              ^            ^    ,        .-.w        ij 

ality ,  andVor  aU  that  is  eommendable  i^  a  worlT  on  ^  I*  eontaUis  a  vast  amount  of  pracucal  kaowledge. 

the  <fiseases  of  females,  it  is  not  excelled,  and  pr6-  ?7  <»«  ^'^o  »»■•  accurately  observed  and  retaiaed 

bably  not  eonalled  in  the  English  laacuage.    On  the  ^^«  experience  of  many  years.— J)«*li«  Qaarwr/f 

whole,  we  know  of  no  wora  oa  the  diseases  of  wo-  joumat. 

■en  which  we  caa  so  cordially  commend  to  the  Pall  of  iroportaat  matter,  eonveyed  in  a  ready  and 

student  and  practitioner  as  the  one  before  us. — Okie  agreeable  manaer. — 8t,Louu  Mm.  and  Smrg.  J9ur, 

Msd.  and  Snrg.  Jonmal.  mi.       •           -•  l     ^  * 

—.    .     .       ".     ...          ..       ,    ..     .J  There  18  an  off-band  fervor,  a  glow,  and  a  warm- 

Thc  body  of  the  b<K>k  is  worthy  of  attentive  eon-  neartedness  infecting  the  eff  jrt  o?  Dr.  Meigs,  which 
■idemtion,  and  is  evidenUy  the  production  of  a  j,  entirely  captivating,  and  which  absolutely  bur- 
clever,  thoughtful,  and  sagacious  phywcian.  Dr.  ries  the  readef  throng  from  beginning  to  end;  Be- 
Meigs's  letters  on  the  diseases  of  the  exteraal  or-  .j^es,  the  book  teems  with  solid  instruction,  aad 
gans,  contain  many  interesting  and  rare  cases,  and  n  ^lown  the  very  highest  evidence  of  ability,  via., 
Hway  instructive  ubservations.  We  take  our  foave  uie  elearaess  with  which  the  iaformation  i!  pre- 
of  Dr.  Mrigs,  witb  a  high  opink>n  of  his  talents  snd  ^^ted.  We  know  of  no  better  t^st  of  one»s  nnSer- 
originalitv.-rA«  BHtuk  mmd  F^rtign  MtdUe-Cki-  standing  a  subject  than  the  evidence  of  the  power 
tntgicai  K€vUi0.  \  ^f  jncidly  explaining  it.  The  most  elementary,  as 
Every  chapter  is  replete  with  practical  instrnc-  well  as  the  obscarest  subjeeta,  under  the  pencil  of 
tion,  aad  bears  tbe  impress  of  being  the  eomposition  Prof.  Meigs,  are  isolated  and  made  to  stand  out  in 
of  an  acute  and  ezperieaced  miad.  There  is  a  terse-  such  bold  relief,  as  to  prodaee  distiact  impreasioaa 
neas,  and  at  tbe  same  time  aa  aecaracy  in  his  de-  upon  the  mind  and  meau>ry  of  the  reader.— 2%f 
■eription  ol  symptoms,  aad  la  the  rales  for  diagnosis,  CaorXiSisM  M$d,  Jeumml, 


BLANCHARD   »   LEA'S   MEDICAL ^^H 

MEIQS  (CHAnLES  D.I  M.  D., 

lately  FroTraioT  of  OhilFttki,&D.,  ID  Jetr:rtim  MedtcaJ  Cnllfite,  PUiladrJphla. 

ON    THE    NATURE,    SIGNS,    AND    TREATMENT    OF    CHILDBED 

FEVKR.     In  ■  Senet  of  LeMn  addicued  to  Ihe  Slutlenl*  of  his  CLus.     In  one  taudivme 
oi!lBVovoluine,exlradolb,ol  36^  pa^«.     S2  IHi. 

work,  wh,.iepi0TinB»  Ubiw.hBveplMed  hit  cnun-  bed  feveri  will  bare  »  rilmiinc  •■Je,balM«»- 
trymoB  snilei  dHp  ud  ibldliig  obli{iilio»,  agiilli  tinDd,  ■■  it  deaerrn,  id  EdiI  ■  pJi«  in  llie  litnrr 
oballnnsBa  Uieir  admirBtinD  id  the  Ircth  aBd  viiiir-    arcVEi7prai?tiIi<iiirrw)i«KnrBaIolM  is  Ihcteu^ 

A  TREATISE  On"aCuVb"an'd"cHRONIc"dISEa"^^  OF  THE  NBCK 

UP  THE  UTEKUS.    With  niitneruu>  plale&,  drawn  and  colored  from  nBiure  inlhe  h«be«t 


MACLISE  (JOSEPH),    SUHQEON. 
STJftOICAL  ANATOMY.    Forming  one  volume,  very  large  imperial  qnarta 

With  -ixly-eighi  larg?  and  splendid  Plaien,  drawn  in  the  liesi  ?lyle  and  bcBUtilully  colored.    Cos- 

and  eiplanalory  leller-preea.     Slrongly  and  bandumely  bound  in  mlra  cloln.  being  one  of  lit 
nheipeMand  besi  execuled  Surgical  workf  as  yel  iexuc^d  in  Ihia  counlry.    $1S  00. 

GentlemeD  preparing  for  t>ervice  in  the  6el(l  or  hospital  will  find  these  platM 
of  the  highest  prsctiuil  value,  cither  for  coDHnltstton  in  emergencies  or  to  refresh 
their  recollection  of  the  dissecting  room. 

*,*  The  aice  of  Ihis  work  prevrnis  ii>>  trensmiaeiuD  through  (he  poM-oltlce  a»  a  whole,  bnl  Ihoac 
who  deaire  to  have  copies  forwarded  by  mail,  OU)  receive  Ibem  in  five  paria,  done  Op  ID  aioDI 
wrapperi.     Price  Sll  00. 

line  nf  the  ireatHt  artiilie  Iriaiapht  of  the  age  '  A  work  which  hai  no  panllet  in  paiDl  of  aee*- 
imtrieim  Midicat    raof  and  ehupneii  in  tbcEagliab  lai^age — !t.  f. 


Jaaw'S. 


we  baTenol  langnace  lo  da  it  Inatici 
taj  awd  Snrtical  Joumat. 


■!t.  r.  Mtdi 


igantly  printed,  i 
«  Mtiiical  Jatim 


(Biely  gratified  ti 


rawing, 


vailed,  bolh  fnr  aceuiaer  iif  drawing,  beuir  of 
enlnring,  ud  all  the  rHieiaita  (inlaBBIloaa  »t  aa 
■nhjeet  la  hand.— ni  Nut  Orl««»  Mtdiiml  caJ 


la  b7  far  the  ableat  work  oa  Snrglol  Aaa- 

I  aay  degroe,  for  pegleoi  of  aeiaia  JlMiia 

u  ana  tiiBical  knowledge,  a  work  Of  UOi  IriM 
ledetaili  of  theditaecling-ronm  seipMaallt 
IheRieniory— nt  iruum/Hna«t^«ld£ 


MILLER  (HENRY),  M.  D., 
Frofaaaor  of  Olitlelrici  and  Diaeaaei  gf  Women  and  Children'in  the  Unireraity  Dri^alarille. 

PRINCIPLES  AND  PRACTICE  OF  OBSTETRICS,  &o. ;  inoluding  the  Trert- 

menl  of  Chronic  Inflnmnialion  of  Ihe  Cervix  and  Body  of  the  IJlerua  conaidered  a»  a  fnqoal 
cHiiFeof  Aborlion,     Wah  about  one  hundred  illueiralioDB  on  wood.     In  one  very  hamdaomosc- 
lovD  volume,  of  over  600  pages,  eilra  oloih.     S3  75. 
Wecnngratnlate  the  a 


le  bBiglveo  to  Ihe  medi- 
cal public  a  work  which  will  aeeure  for  him  a  High 
and  penBannBi  poiitlon  amoag  the  ilaadard  autho- 
ritlei  OB  Ue  prineiplea  and  praclice  of  ohalelrloa. 

feaiioB  Of  thia  eoonlry,  op  the  aeqniallion  of  a  Irea- 
liae  embodying  the  reaalta  of  Uie  atudiea.  [eaeelioni, 
and  etpiTlenee  of  Prof.  UUltT—Bufalt  Midicai 


Mid.  Jt 


•:jz^r. 


M.  O., 


na  tits  una  I 


iBirypne- 


>lBdenlwiil  la< 

liareadlag,  

of  ilM  aainu  liirTviiira  et  Oa 
pe  toase  Uit  Aowricaa  prodaa- 
■ailed  by  Ihe   pnire«lnB.--n. 


MACKENZIE  (W.) 

y.kv.ta. 

A  PRACTICAL  TREATISE  ON  DISEASES  AND  INJURIES  OF  THB 
EYE.  To  which  ia  prefixed  an  Anatomical  lolroducl inn  explanatory  ol  a  HorLkonlal  BeetioD  ol 
Ihe  Human  Eyeball,  by  Thomas  WuAttTON  Jonis,  F.  R  S.  From  the  Fourth  Hrviaed  and  Ed- 
lar^  London  Edition.  Wilh  timet  end  Addiiloot  by  AddineLl  Hewboh,  M.  D..  Sui^no  la 
Wille  Hoi-pltBl,  Sec.  dec.  In  one  very  large  and  handsome  octavo  volume,  eilra  clulh,  with  iduM 
and  numerouF  wood-cula.    S6  00.  '^ 

The  ireailae  of  Dr  Mickeazie  iBdianalably  holda  I     We  eotiaider  It  the  daiy  of  every  one  wks  baa  Ike 

Ike  Bralplace,  and  fornt,  la  reaped  nfleanilDg  aad    love  of  hii  pr'ifeaaioa  and  the  welfare  of  bla  palical 

BBV  other  work  of  thekiDd,MIMrSa(U«kMftiMifB.evfliplal( ■-.----■■-  -■    -  ■ 


AHD  aCIENTIFIO   PUBLIGATION8 
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MILLER  <JAME8),  F.  R.  S.  E., 
»r  of  Svrgery  in  the  UniTeniity  of  Bdiabargk,  A;e. 

PSINCIPLES  OF  SUROERT.     Fourth  American,  from  the  third  and  revised 

Edinburgh  edition.    In  one  iarfe  and  very  beaiitifnl  volume,  extra  cloth,  of  700  pages,  with 
two  hundred  and  forty  illustrationa  on  wood.    f3  75. 

BT  THB  8AMB  AUTHOR. 

THE  PRACTICE  OF  SURGERY.  Fourth  American  from  the  last  Edin- 
burgh editicHi.  RevitHsd  by  the  Americno  editor.  Illustrated  by  three  hundred  and  ^ixtvfoor 
engravings  on  wood.    In  one  large  octavo  volume,  extra  cloth,  of  nearly  700  pagei*.    S3  75. 

No  eaeoraiaai  of  oara  eoald  add  to  the  |>oputarity  hit  wurkt,  both  on  the  principles  and  practice  of 

•f  Miller *a8anrery.    Iti  reputation  in  this  country  aurgrry  have  iMenaraigncd  the hiKhett  rank.    Ifwa 

U  anaurpcMBe<n>y  thatof  any  other  work,  and,  when  were  limited  u>  but  one  work  on  surgery,  that  one 

taken  in  connection  with  the  author's  PrineipUs  t/  anonld  be  Miller*a,  as  we  recard  it  as  superior  to  all 

Surgetf,  constitutes  a  whole,  without  reference  to  others.— Sf.  Last's  Mtd.  mnaSnrg.  Jonmal. 

which  no  conscientious  surgeon  would  be  willing  to  _.        ».      ^      .    ...       ju    <<  d  t  ^:.i  .  n  ... 

^raetieehiaart.-So«fAsmlir«l.«idS«fg./o«fMl.  ^jie author  haa  in  thia and  hia "Pdwipl^^^^^^ 

•  .1       1^       .._  .              .           V                     J  aentcdto  the  profession  one  of  the  most  complete  and 

It  is  seldom  that  two  vplnmes  have  ever  made  so  reliable  systems  of  Surgery  extant.    His  style  of 

profound  an  impression  in  w  short  a  time  aa  the  writing  ia  original,  impreaaive,  and  engaging,  tter- 

w^i2?.lP*~     «nd  the  "  Practice"  of  Surgery  by  gotic,  conciae,  and  lucid.    Few  have  the  faculty  of 

Mr.  Miirer--or  ao  richly  merited  the  reputation  they  eondeaainir  ao  much  in  small  space,  and  at  the  same 

have  acquirwi.    The  author  is  an  eminently  scnsf-  time  so  persistently  holding  theattention.  Whether 

Die,  practical,  and  well-informed  man,  who  knows  ^g  ,  text-book  for  students  or  a  book  of  reference 

exactly  what  he  is  talking  about  and  exactly  how  to  for  practitioners,  it  cannot  be  too  strongly  reeom- 

lalk  It.— Ktntuekw  Meduul  RicordUr,  mended.— Soutktm  Journal  q/  Mid.  a$ut  PhpsUml 

By  the  almoat  unaaimons  voice  of  the  profeaaion,  SeUuetM. 


MOALAND  (W.  W.),  M.  D., 
Fellow  of  the  Massachusetts  Medical  tk>ciety,  4kc. 

DISEASES  OF  THE  URINARY  ORGANS ;  a  Compendium  of  their  Diagnosifl, 

Pathology,  and  Treatment.    With  illustrations.    In  one  large  and  handaome  octavo  volume,  of 
Ihbout  600  pages,  extra  cloth.    $3  50. 


Taken  aa  a  whole,  we  can  recommend  Dr.  Mor- 
land'a  compendium  as  a  very  desirable  addition  to 
the  library  of  every  medical  or  surgical  practi- 
tioner.—Brt<.a»d  For.  Mid.'Ckir.  A<e.,  April,  1859. 

Every  medical  practitioner  whoae  attention  haa 
been  to  any  extent  attracted  towarda  the  elaaa  of 
diaeaacs  to  which  thia  treatiae  relates,  must  have 
often  and  sorely  experienced  the  want  of  some  full, 
yet  concise  recent  compendium  to  which  he  could 


refer.  This  desideratum  has  been  supplied  by  Dr. 
Morland,  and  it  has  been  ably  done.  He  has  placed 
before  us  a  full,  judiciout,  and  reliable  digest. 
Bach  subject  is  treated  with  sufllcient  minuteness, 
yetinasBccinot,narrational  style,  such  as  to  render 
the  woric  one  of  great  interest,  and  one  which  will 
prove  in  tne  hi^;nest  degree  useful  to  the  general 
practitioner.— i^.  Y.  Jonrn.  t^f  Medieint^ 


BT  THS  8AHI  AUTHOa, 

TBE  MORBID  EFFECTS  OF  THE  RETENTION  IN  THE  BTX)OD  OF 

THE  ELEMENTS  'OF  THE  URINARy  SECRETION.  Being  the  Diwertalion  to  which  the 
Fiske  Fund  Prize  was  awarded,  July  11, 1861.  In  one  small  octavo  volume,  83  pages,  extra 
cloth.    75  cents. 

MONTGOMERY  (W.  F.),  M.  D.,  M.  R.  I.  A.,  &c., 

Professor  of  Midwifery  in  the  King  and  Queen's  College  of  Physicians  in  Ireland,  ftc. 

AN  EXPOSITION  OF  THE  SIGNS  AND  SYMPTOMS  OF  PREGNANCY. 

With  some  other  Papers  on  Subjects  connected  with  Midwifery.  From  the  second  and  enlarged 
English  edition,  with  two  exquisite  colored  p!ates,  and  numerous  wood-cuts.  In  one  very 
handsome  octavo  volume,  extra  cloth,  of  nearly  600  pages.    $3  75. 

A  book  unusually  rich  in  practical  suggestions.—  freah,  and  vigorona,  and  elaaaical  ia  our  author *a 
Am.  Journal  Mtd.  SeieneeSt  Jan.  1857.  style;  and  one  forgeta,  in  the  renewed  charm  of 

Theae  several  subjecta  ao  intereating  in  them-  ;|very  page,  that  it,  and  every  line,  and  «v«ry  word 
•elves,  and  so  importint,  every  one  of  tfem,  to  the  *»*"  »>««?  ^**?t*^  f.",**  f*^?'??,**'  .{^'^""SlL  '^i  n/ 
most  delicate  an/preciois  of  iocial  relations,  con-  -  {!S5P*«^»<»?  J  ^»»*t  this  is  of  all  others  the  »>o^k  of 
trolling  often  the  honor  and  domeaUc  peace  of  a  i  Ob«tetric  Law,  on  «u:h  of  its  "^veral  topica ;  on  all 
family;  the  legitimacy  of  offapring,  or  thHife  of  iu  pointa  connected  with  pregnancy,  to  be  «/yywhere 
parent  are  aTi  treated  with  an  eftgance  of  diction,  I  received  aa  a  manual  of  apeeial  jariaprudence,  at 
ralneas  of  illustrationa,  acuteneaaMd  jnatiee  of  n^-    ?"««  announcing  fact,  affording  argument^tabliah- 

■otting,  unparalleled  in  obatetriea,  and  unsurpassed  in   ^^  p:®^®**?,''^"^  ^*'^J''y'V'j^®A'!r! ^  pT^SS'  **' 
medicine.    The  reader's  interest  can  never  flag,  ao   vocate,  and  Judge —  N.  A.  Mod.-Ckir.  lUvuw. 

MOHR  (FRANCIS),  PH.  D.,  ANC^REDWOOD  (THEOPHILU8). 
PRACTICAL   PHARMACY.    Comprising  the  Arran^ments,  ApparatuSji  and 

Manipulations  of  the  Pharmaceutical  Shop  and  Laboratory.  Edited,  with  eitensive  Additions, 
by  Prof.  William  Prootkr,  of  ihd  Philadelphia  College  of  Pharmacy.  In  one  handsomely 
printed  octavo  volume,  extra  cloth,  ot  570  pages,  with  over  500  engravings  on  wuod.    S4  0(^ 


MAYNE'B  DISPENSATORY  AND  THERA- 
PEUTICAL REMEMBRaNCKR.  ^Vith  everv 
Practical  Formula  contained  in  the  three  British 
Pharmacopcoias  Edited,  with  the  addition  of  the 
FormulsB  of  the  U.  S.  PharmaeopOBia.  by  R.  E. 
0EiffiTB,M.D    1 18mo.vol.ex.ol.,300pp.  7ffo. 


MALOAIONE*S  OPERATIVE  SURQERY,  baaed 
on  Normal  and  Patholtigical  Anatomy.  Trans- 
lated trnm  the  French  by  FainimiCK  BmiTTAR, 
A.  B.,M.D.  WithnnmeronsillnstratloBsonwood. 
In  one  handaome  octavo  volane,  extra  olothi  of 
nearly  six  handred  pagan.   9t  ffO. 


BLANCHARD   ft   LEA'S   MEDICAL 


i 


■f  NEtLL  (JOHN),  M.  D,, 

,~^at  '^^  Burgeon  in  iheP6ainylviBt«nn«piInl. An.;  Mid 

-/      'f^.-  FRANCIS  QURNEV  SMITH,  M.  D. 

~  ' '!       Frafeuor  of  lDitiiiil«  ol  McdieiDc  la  the  PruniTli-uia  Medical  Collefe. 

AN  ANALYTICAL   COMPENDIUM    OF  THE   TABIOUS   BRA 

OF  MEDICAL  SCIEN'CB;  lot  [he  Uiw  and  EiuniaBlion  ol  Siudenm.     A  new  edilion,  rvTin^ 

and  improved.    In  ore  very  large  and  hunilMomBly  prinled  royal  lamo,  volume,  ol  Bi>i)ul  OM 

thousand  paxes,  with  371  wood-cuir ,  eiim  cluib.  %'i  30.    Slroosly  bound  in  lealhiFi,  wilii  ru«4 

banda.     S4  f^. 

This  wnrk  is  again  prelenled  as  eminenlly  worthy  ot  IhB  farnr  wilb  whieb  <1  ha>  nittteno 
been  received.  As  s  bookror  daily  refarBnue  by  Ihe  Bli«liiiilrei|nirinKa(iiicle  (o  hi>  more  eUliunU 
Ksi-book».  as  a  manual  Tor  precepiorn  deainna  lo  stimulnle  Iheir  nudenls  by  rreqtieiu  ud  arrurau 
■A  older  date  may  easily  and  cheaply  ac^un 

knnwiedre  of  the  changes  and  improvement  in  prolDasioiial  scienoe,  lis  repuULion  ia  pcsnnwMtitlf 

ilablished. 


•eqnainteit.— Mirf .  Stamit 


le  kind  with  wl 


mlHaiinni 


id  ai  »p«i*l]T  unCnl  ID  preBeptuca 

eaabtina  him  rcadilj  to 

in  whlcli  bit  pupil*  abi 


NELIGAN  (J.   MOORD 
ATLAS  OF  CUTANEOUS  DISEASES.    In 


M.  R.  I. A.,  ate. 

le  beautiful  quarto  volom 

cloth,  with  splendid  uulored  platet,  preaentiiig  nearly  one  hundred  elaborate  repreaealal 
diseue.    K  DO. 

ipresenislioi 


TM»beauiifnlvoliii 
orDiEieases  of  iheSkii 
Npeclal  reTerence  lo  t 
proreesion  some  years  dim 


16  plalea,  eaeh  canE^aLng  friu 
forming  la  all  a  total  ofW  dis 
or  Ihc  ^UTermt  speoin  of  lUi 
[ogotkor  in  ccnera  or  ramlliai 
bavo  been  Uken  from  Batnrs,  a 
with  siLahGdelitv  [bat  they  prei 


THE  SSEUtTON,  ANP  OF  THE  TEETH,  | 


I 


i 


PIRRIE  (WILLIAM),  F.  R.  S.  E., 

ProtcHorofflurjery  in  the  ITaivenlty  of  Aberdeen. 

THE   PRINCIPLES  AND  PRACTICE  OF  SURQEKY.    Edited  by  JoBH 

Nkili.,  M.  D,  Professor  of  Surgery  in  Ihc  Pennn.  Medical  College, Surieon  lolhe  PeDn-ylnai* 
Hi»pi[a1.&c.  inaneverybandsoineSvo.  volume,  eitradolh,DlTBO  pages,  wjlh3Milla«r«UaBi. 
•3  75. 

We  know  of  no  olher  nrgloal  work  nf  a  reason-  i  ntely  dlieniied  the  prlaelplea  of  anrgery,  aal  • 
■hie  iiie,  wberaln  there  la  «o  maab  theory  and  prae-    oafe  aad  effectual  practice  preilSe*l(tl  ana  thsB. 
tice.  or  where  snbieeta  are  moreioacdlv  arcleailr    Perhipi  no  work  npoD  this  iab)eetbereu/orflaa(d 
I  is  an  full  upon  the  teicBee  nf  the  an  of  aurgeir.— 
elaho- I 'T'"'^"' ■»■"•<■' VJbdittaf  and  Si>t|»y 


PARKER   ILANQSTON), 

j(ontolheyueen'.H«pi<.l,mfminghani. 

THE  MODERN  TREATMENT  OF  SYPHILITIC  DISEASES,  BOTH  PRI- 
HARV  AND  SECONDAKY;  comprisinatheTfeslnienLorCoiiwitulional  andCouSrineaSyphl- 
lis,  by  a  safe  and  Buocesjtful  method,    Wilb  numemua  Cases,  Foj-mula,  ar-'  "'  ' '" 

tioni.    From  Ihe  Third  and  entirely  rewrillea  London  ediiioD.    In  one  □ 
of  3ie  paga*.    f3  60, 


oicalObnrra' 


AHD  80IBNTIF10  PU  BLIGATIONS.  25 

PARRI8H   (EDWARD), 

iProfoBflor  of  lUterls  Medica  in  the  PhlladelpbU  College  of  Pharmacj. 

A  TKEATISE  ON  PHARMACY.     J>o8igoed  as  a  Tezt-book  tor  the  Stodent, 

and  Its  a  Guide  for  the  Physician  and  Pharmaceutii»t.    With  many  Aormulis  and  PreAcriptionB. 

Third  edition,  greatly  improTed.    In  one  hand^me  octavo  volume,  of  8d0  pagea,  with  several 

hundred  Illustrations,  extra  cloth.    95  00.    {Just  Ready.) 

Though  lor  some  time  out  of  print,  ibe  appearance  ot  a  new  edition  of  this  work  has  been  de- 
layed for  the  purpose  of  embodying  in  it  the  resulttt  of  the  new  U.  S.  Pharmacojxjeia.  The  pub- 
lication of  this*  latter  has  enabled  the  author  to  complete  his  revision  in  the  most  thorough  manner. 
'Those  who  have  been  waiting  for  the  work  may  therefore  relv  on  obtaming  a  volume  completely 
on  a  level  with  the  most  advanced  condition  of  pharmaceutical  science. 

The  favor  with  which  the  work  has  thus  far  been  received  i^hows  that  the  author  was  not  mis- 
taken in  his  estimate  of  the  want  of  a  treatise  which  should  serve  as  a  practical  text-book  for  all 
engaged  in  preparing  and  dispensing  medicines.  SuoJi  a  guide  was  indispensable  not  only  to  the 
educated  pharmaceutist,  but  also  to  that  large  clasH  of  praciitiooers  throughout  the  country  wno 
•re  obliged  to  compK>nnd  their  own  prescriptions,  and  who  during  their  collegiate  course  have  no 
mKNtanity  of  obtaining  a  practical  familiarity  with  the  neces^ary  processes  and  manipulations. 
The  rapid  exhaustion  of  two  lam  editions  is  evidence  that  the  author  has  succeeded  in  thoroughly 
carrying  out  his  object.  Since  the  appearance  of  the  la>t  edition,  much  kas  been  dune  tu  perfect 
the  science ;  the  new  Pharmacopceia  has  introduced  many  changes  to  which  the  profession  mu>t 
eonform  ;  and  the  author  has  labored  assiduouslv  to  embody  in  his  work  all  that  physicians  and 
pharmaceutists  can  ask  for  In  such  a  volume.  The  new  matter  alone  will  thus  be  found  worth 
more  than  the  very  moderate  coet  of  the  work  to  those  who  have  been  using  the  previous  editions. 

All  that  we  can  say  of  it  is  that  to  the  practising  edition,  containiDg  the  added  results  of  his  recent 

physician,  and   especially  the  eonntry  physieian,  and  rich  experience  as  an  observer,  teacher,  and 

who  is  generally  his  oum  apothecary,  there  is  hard-  practic  il  operator  in  the  pharmaceutical  lahorat<»ry. 

ly  any  hook  that  miKhtaot  t>etter  he  dispensed  with.  The  excellent  plan  uf  the  first  is  more  thoroughly. 

It  Is  at  the  same  time  a  dispensatory  and  a  pharma-  — P«aiiu«/ar  Mtd.  Joumaly  Jan.  1860. 

cy — L9uhvilU  RevUw,  Of  eourse,  all  apothecaries  who  have  not  already 

A  careful  examination  of  this  work  enables  ns  to  a  copy  of  the  first  edition  will  procure  one  of  this ; 

■peak  of  it  in  the  hishest  terms,  as  being  the  l>est  it  is,  therefore,  to  physicians  reeiding  in  the  country 

treatise  on  practical  pharmacy  with  which  we  are  and  in  small  towns,  who  cannot  avail  themselves  of 

acquainted,  and  an  invaluable  vode-meewm,  not  Quly  the  skill  of  an  educated  pharmaceutist,  that  we 

to  the  apothecary  and  to  those  practitioners  who  would  esp<  eially  commend  this  work.     In  it  they 

are  accustomed  to  prepare  tt  eir  own  medicines,  but  will  find  all  that  they  desire  to  know,  and  should 

to  every  medieal  man  and  medical  student.<~Bsstoii  know,  bat  very  little  of  which  they  do  really  Know 

gttd.  and  Burg.  Journal.  in  reference  to  this  important  collateral  branch  ik 

This  is  altogether  one  of  the  most  usefiil  books  their  Drofessionj  for  it  is  a  well  established  fact, 

we  have  seenT  It  is  just  what  we  have  long  felt  to  »*»»'» » '»>•  ecucation  of  physicians,  while  the  sci- 

be  needed  by  apothecaries,  ttudenu,  and  practition-  f"««  of  medicine  is  generally  well  uught,  very 

ers  of  mcdicini^  most  of  whom  in  this  country  have  ""»«  attention  is  paid  to  the  art  of  oreparing  them 

Uipntup  their  own  prescriptions.    It  bears,  upon  ''"'.^•*jJ^*!.^*_!".*^Jl<»l°?^J*»"?«'^^'«^^^  ^J»<> 
every  pa| 
cimveyed 

adapted  to  the  comprehension  of  all  who  may 

it — Sonthtrn  M*d.  and  Surg.  J^umaL  We  kno^  of  no  ^^^  on  the  subject  which  would 


page,  the  impress  of  pmctical  knowledge,  well  remedied  as  by  procuring  and  consulting  Dr. 
Yedin  a  plain  commoi  sense  manner,  and  PaTm^exoellent  work.-fli.X.stM«lf«d./oi»rjiai. 
td  to  the  comprehension  of  all  who  may  read    •'■'*•  *o'»'»  * 


be  more  indispensable  to  the  physician  or  etudent 
desiring  information  on  the  subjectof  which  it  treats. 
With  (frif&th's  '<  Medical  Formularv>*  and  this,  the 
practising  physician  would  be  supplied  with  nearly 


That  Edward  Parrish,  in  writing  a  book  upon 
fraetieal  Pharmacy  some  few  years  ago— one  emi- 
nently original  and  unique— did  the  medical  and 

pharmaceutical  professions  a  great  and  valuable  ser-  ^ -i-  » ■- # 

▼ice,  no  one,  we  think,  who  nas  had  access  to  its  or  quite  all  the  most  useful  information  on  the  sub- 
pages  will  deny ;  doubly  welcome,  then,  is  this  new  ject. — Ckarhston  Med.  Jour.amd&tvUw^Jtui.  1800. 

PEASLEE  (E.  R.),  M.  D., 
Professor  of  Physiology  and  General  Pathology  in  the  New  York  Medical  College. 

HUMAN  HllSTOLOOYy  in  its  reUtiong  to  Anatomy,  Physiology,  and  Pathology; 

for  the  Uiie  of  Medical  Students.    With  four  himdred  and  thirty-four  iiluatrationa.    In  one  hand- 
some octavo  volume,  extra  cloth,  of  over  600  pages.    $3  75. 

It  embraces  a  library  upon  the  topics  discussed 
within  itself,  and  is  just  what  the  teacher  and  learner 
need.    We  have  not  only  the  whole  sabject  of  His 


tology,  interesting  in  itself,  ably  and  fnllydiscnsspd, 
bnt  what  is  ot  infinitely  greater  interest  to  the  stu- 
dent, because  of  greater  practical  value,  are  its  re- 
lations to  Anatomy,  Physiology,  and  Pathology, 
which  are  here  fully  and  satisfactorily  set  forth.— 
IfuskvilUJoum.  o/Mtd.mmd8nrgtrf, 


We  would  recommend  it  as  containing  a  summa ry 
of  all  that  IS  known  of  the  important  subjects  whica 
it  treats ;  of  all  that  is  in  the  great  works  of  Simon 
and  Lehmann,  and  the  organic  chemists  in  general. 
Master  this  one  volume,  and  you  know  all  that  is 
known  of  the  great  fundamental  principles  of  medi- 
cine, and  we  have  no  hesitation  in  saying  that  it 
is  aa  honor  to  the  American  medical  profession.— 
St.  L0MiM  M$d.  and  Surg,  Joumml, 


ROKITANSKY  (CARL),   M.D., 

Curator  of  the  Imperial  Pathological  Museum,  and  Professor  at  the  University  of  Vienna,  4te. 

A    MANUAL   UF  PATHOLOGICAL    ANATOMY.    Pour  volumes,  octavo, 

bound  in  two,  extra  cloth,  of  about  1300  pages.    Translated  by  W.  £.  Swaimi,  Edward  Siisvx- 
KINO,  C.  H.  Moo&x,  and  G.  £.  Day.    $7  UO. 

The  profession  is  too  well  acquainted  with  tne  re-  siss  and  preservation,  and  its  sale  follows  as  a 

puutionof  Rokitaasky's  work  to  need  our  asaur-  matter  of  eourse.    No  library  can  be  called  com- 

ance  that  this  is  ime  oi  the  most  profound,  thorough,  plete  without  it.— Bn^ala  Mtd.  J0umal. 

and  valuable  books  ever  issued  from  the  medical  ^  attempt  to  give  our  readers  any  adequate  idea 

press.    It  IS  sut  g^iMft5,  and  has  no  standard  of  com-  of  the  vast  amount  of  instruction  iccumuldied  in 

parison.    It  is  only  necessary  to  announce  that  it  is  me,e  volumes,  would  be  fee|>le  sua  iiopcless - 

Issued  m  a  form  as  cheap  as  is  compatible  with  its  WMUm  Lmuttt,                                         hcich.— 


BOTLE'S  MATERIA   MEDIOA   AND  THEBAPEUTICS;  including  the 

Preparations  of  the  Pharmacopoeias  of  London,  Edinburgh,  Dublin,  and  of  the  LTnited  States. 
With  many  new  medicines.  £iiited  by  Joixph  Cabsom,  M.  D.  With  ainety-eight  illnstrationt. 
In  one  large  octavo  volume,  extra  doth,  of  about  700  pages.    93  00. 


BT.ANOHARD   fc   LEA'S   HBDICAt 
HIQBY   (EDWARD),   M.  D., 


t\  Illiutnliou.    I 
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RAMSBOTHAM  (FRANCIS  H  .>,  M.D, 
THE  PRINCIPLES  AND  PRACTICE  OP  OBSTETRIC  MKBICIMB  AM 

-  ■  -  id  enlareed  edilion,  IBornufUr 

Profcssur  of  Ob.Totri™,  *<!.,» 
iJi>orDf  imperisl  <>ciaTi>  irolnai, 

iiilylburticBiiiiful  n«««.nl 
earJy  200  large  aad  beautiful  Rfiure*.  17  M. 
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mFrt/.H-dftit/tlH  Univ. 
noil  valuible,  from  iu  iou 
illili  Midwirnr;.   Itieirenle 


in  will,  I  Ir 


II  linnBerMraiTlomyiiarlliiiig  Inrefara  (o  Ih( 

lUiljirre.uil  EkeralMHiifiiiillDtLniloiia.   Tn  llir 
■tuttrui  ••  1  trii-biH'k,  mim  wbirh  to  ciira«t  ih' 


Tbr  1 


kllTin 


II  by  lbs  I  "' 


truly  elrgml  itvie  Is  whi 

-'  '-■- ipb«tlc  «ncionwn»nt  of  Prof.Hs«n, 

ilHiiesI  of  Brltich  MMwifenr.  V( 
l-book  which  dewrvH  ■■  all  rai^am 
ily  reoomneBiletJ  to  iluilaala,  aai  *■ 
le  II  IB  the  baadaf  ifflvery  p> 
iillilBTiluablefar  rcferci 


RICORD  IP.),  M.D, 
A  TBEATISE  ON  THE  VENEREAL  DISEASK.    By  John  Hdntik,  P,  B.8. 

Wi[h(Mpluu^Addl1iu11^,bypB.KIGoat<,  M.U.  Tron^laieitand  li:diled,  wilh  N.ile.,  byPaiia,!! 
J.BiimeteaP  M.D.Lepiurpriin  VriiereBlBUheCullrgeol  Phjfiiciannind  Surgeon*.  New  Y(rt. 
UecHHiiI  ediliiii,  revived,  conlainint;  a  rtiuM^  ol  Kicoru'r  Kecknt  LiCTuan  on  <" 
one  banUrume  oetavD  voluine,  exlia  cloib,  ofSSO  page:),  viih  eight  plalet.    94  OH. 


.lai,  whieli  nndeti  iliape-  |  orthekiad  ihathuy 


uBTCBirn 


e  Humui  Bod;. 

Bud  fifly  beuuXl 


SMITH  (EDWARD),   M.D..  LL.D.,  F.R.S. 
AulaiBDl  Fhjalelu  lo  tbc  Hcupilal  fur  Cuuumiilinn  aiul  DiuaHi  uf  the  Cbec 

CONSUMPTION;   ITS   EARLY  AND -RKMEDIABLE   STAGES.     In  w 

neat  oclavo  volume  ofaSJ  pages,  eilrsdolh.     llii.     (IVotn  BtaJy.} 

OiiE-lialf  of  Dt.  Solth'a  work,  ii  devoled  Iu  Ihe  :  Ihun  lu  ^ru^i  in  lbs  Irntnenl  nf  Iha  dloaM.   Il     ' 


of  It 


in  (hp  I 


irt,; 


lEvlewer^lm.  aU4.  Jnu 


9HARPEY  (WILLIAM),   M.  D.,   JONES   QUAIN,    M.  O.,    ANO 

RICHARD  QUAIN,   F.  R.  S.,  &c. 

HUMAN  ANATOMY.     Revised,  with  Notes  and  Additions,  bj  Jo8»H  IdUM, 

"   "    "■■-'- -■  * :-.-.--: ,- -' Penn.vlvania.     Complelc  in  tw»  l««.      " 

ge>.    WiihoverSOOiflUrtrwloOa.    ffv 


AMD  80IENTIFIC   PUBLIOATIOMS.  27 

8TILLE  (ALFRED),   M.  D., 

ProfevNor  of  the  Theorj  and  Praetiee  of  Medicine  in  the  UniTeraltj  of  PennejlTanin. 

THERAPEUTICS  AND  MATERIA  MEDICA;  a  Systematip  Treatise  oo  the 

Action  and  Une^  of  Medicinal  Agents,  including  their  DeMsriptinn  and  Hi»tory.  Second  Edition, 
reyicted  and  enlarged.  In  two  large  and  haudeoine  octavo  volumes,  extra  cloth.  $  10  00.  tNow 
Ready.) 

This  work  is  desigiied  especially  for  the  student  and  practitioner  of  medicine,  and  treats  the  various 
articles  of  the  Materia  Medica  from  the  point  of  view  of  the  bed««ide,  and  not  of  the  shop  or  oi  the 
lecture-room.  While  thus  endeavoring  to  give  all  practical  information  likely  tu  be-  uiHsful  with 
respect  to  the  employment  of  special  remedies  in  !*pecial  alfection*«,  and  the  results  to  be  aiii  icipated 
from  their  administration,  a  copious  Index  of  Diseases  and  their  Remedies  renders  the  work  emi- 
nently fitted  for  reference  by  showing  at  a  glance  ihe  different  m^wns  which  have  been  employed, 
and  enabling  the  practitioner  to  extend  his  resources  in  difficult  ca^es  with  ail  that  the  experience 
ot  the  profession  has  suggested. 

The  speedy  demand  for  another  edition  of  this  work  shows  that  it  has  acoep'ably  filled  an  acknow- 
ledged want  No  exertion  of  the  author  has  been  wanting  to  render  it  worthy  a  continuance  of  the 
lavor  with  which  it  has  been  received,  while  an  al  eraiion  in  the  typographical  arrangement  has 
accomin  >dated  the  additions  without  increasing  unduly  the  size  of  the  volumes. 

Rarely,  indeed,  have  we  had  submitted  t4«  us  a  tionod,  Stilii.  His  great  work  on  **  Materia  Medi- 
work  on  medicine  so  ponderous  iu  itg  dimensions  :  ca  and  Tnerapeuties,'*  published  last  year,  in  two 
as  that  now  before  us,  and  yet  so  fascinating  in  its  ,  uctavu  vtiiumes,  of  gome  sixteen  hundred  pages, 


eontents.  It  is,  therefore,  with  a  peculiar  grHtili 
eation  that  we  recognize  in  Dr.  8iill6  the  posses- 
sion of  many  of  th(»se  more  distinguished  qualifica- 
tioBS  which  entitle  him  to  apprubation,  and  which 


while  it  embodies  the  results  of  the  labor  of  others 
op  to  tne  time  of  publiCHiion,  is  enriched  with  a 
areat  amount  of  original  obaervaii<m  and  research. 
We  would  diaw  attention,  by  the  way,  to  tne  very 


jastify  him  in  eoming  before  his  medieal  bretnren  |  convenient  m<Hle  in  whieh  the  Indtx  is  arranged  in 


as  an  instructor,  a  comprehenaive  knowledge, 
tested  by  a  sound  and  penetrating  judgment,  joined 
to  a  love  of  progress— which  a  discriminating  spirit 
of  inquiry  has  tempered  so  as  to  accept  nothing  new 
beeaose  it  Is  new.  and  abandon  nothing  old  because 
it  is  old,  but  which  estimates  either  accori  ing  to  its 
relations  to  a  just  logic  and  experience — munifeftts 


this  work.  There  is  first  an  **  lodex  of  Remedies ;' 
next  an  "Index  of  Diseases  and  their  Remedies.*' 
Such  on  arrangement  of  the  Indices,  in  our  opinion, 
areatly  enhances  the  practical  value  of  books  of  this 
Kind.  In  tedious,  obstinate  cases  of  disease,  where 
we  have  to  try  tme  remedy  tfter  another  until  our 
stock  is  pretty  nearly  exhausted,  and  we  are  almoat 


icself  everywhere,  and  gives  to  the  guidance  of  the  driven  to  our  wit*8  end,  such  an  index  as  ihe  second 

author  all  'he  assurance  of  safety  which  ihediffi-  j  of  the  two  just  mentioned,  is  precisely  what  we 

ealties  of  his  suDject  can  allow.    In  eoaelasion,  we  want.— Leaden  Jtfsd.  rim<«aadGa««««,  April,  1861. 

earMstly  advise  our  readera  to  ascertain  for  thtm-  we  think  this  work  will  do  mucb  to  obviate  the 

selves,  bv  a  study  of  Dr  8ull6>s  vulumes,  the  great  reluctance  to  a  thorough  investigation  of  this  branch 

▼alae  and  interest  of  the  stores  of  fcnowledge  they  of  .cientitic  study,  fo?  in  the  wide  range  of  medical 

present.    \\  e  have  pl^iure  m  referrina  rather  to  literature  treasarnl  in  the  Englisa  tongue,  we  shall 

the  aaple  treasury  of  unooubted  truths,  the  real  and  ^.^dly  find  a  work  written  lu^  style  more  clear  and 

\^V'   «;f°<l"^«  "^^  medicine.  accumuUted  by  Dr.  .impie, c Javeying  forcibly  the  facts  uught,aad  yet 

StilleinhispHge.;  and  commend  the  sum  of  his  la-  frMTfromiurgidity  and  redundancy .    There  isatka- 

bors  to  the  aitentum  of  our  readers,  as  alike  honor-  cination  in  its  pages  that  will  insure  to  it  a  wide 

able  to  our  science,  and  creditable  to  the  zeal,  the  p.>pularit>-  and  atu»tive  perusal,  and  a  degree  of 

candor,  and  the  judgment  of  him  who  has  garnered  S,&ulneaJ  not  often  attained  throSigh  the  influence 

the  whole  so  carefully.— £tf««Hfrf  A  M*d.  Jeumni.  ^f  ^  g'ij^\^  work. 

The  most  recent  authority  is  the  one  last  men* 

SIMPSON  (J.  Y.),  M.  D., 
Professor  of  Midwifery,  fte.,  in  the  University  of  Edinburgh,  4te. 

CLINICAL  LECTURES  ON  THE  DISEASES  OF  WOMEN.     With  nu- 

meroas  illustrations.    In  one  handsome  octavo  volume,  of  over  «300  pages,  extra  cloth,  $4  00. 
(iVotp  Readf,  1863.) 

This  valuable  work  having  passed  through  the  cdnnuis  of  **  Tbi  Midical  Niwb  and  Library*' 
for  1860,  18t>I,  and  1802,  is  now  completed,  and  may  be  had  separate  in  one  handsome  volume. 

The  priiiciput  topic»  embraced  in  the  Lectures  are  Vesico- Vaginal  Fistula,  Cancer  of  the  Uterus, 
Treatment  of  Care  noma  by  Caustics,  Dysoienorrhcea,  Ameoorrhoea,  Closure^,  Contractions,  &c., 
of  the  Vagina,  Vulvitis,  (Causes  of  Death  after  Surgical  Operations,  Surgical  Fever,  Phlegmasia 
Dolens,  Coccyodinia,  Pelvic  Cellulitis^  Pelvic  Hsemaioina,  Spurious  Pregnancy,  Ovarian  Dropsy, 
Ovariotomy,  Craiiioclasm,  Diseases  ot  the  Fallopian  Tubes,  Puerperal  Mania,  Sub-Involution  and 
Super-Involution  of  the  Uterus,  &c.  Sec. 

As  a  series  of  monographs  on  these  important  topics — many  of  which  receive  little  aftentioa 
in  the  ordlnury  text-bi>oks — elucidated  with  the  extensive  experience  snd  readiness  of  resource  for 
which  Profe>tior  Simpron  is  so  distinguished,  there  ace  lew  practitioners  who  will  not  find  in  its 
pages  matter  of  the  utmost  importance  in  the  treatm^t  of  obscure  and  difficult  cases. 

SALTER  (H.   H  ),   M.  D. 
ASTHMA;  its  Pathology,  Causes,  Conseqaences,  and  Treatment.     In  one  vol. 

8vo.,  extra  cloth     {JMt  lisued.)     $'A  dO. 


The  porti«iDof  Dr.  Salter's  work  whish  is  devoted 
to  ireatmcnt,i8ui  great  practical  iniereskaud  value. 
It  would  be  ueccKsary  to  loilow  him  step  by  step 
in  his  remaiks,  n(»t  only  on  the  medicinal,  but  also 
ua  the  dietetic  aud  hygienic  treatmeat  of  the  disease, 
ia order  tueonvey  a  Just  notion  ot  tne  practical  value 
of  this  part  of  his  work.    This  our  space  forbids, 


aad  this  we  shall  little  regret,  if,  by  onr  silenee, 
MTe  should  induce  our  renders  to  possess  themselves 
of  the  b(Mik  itself;  a  b'>ok  which,  withouluouht.de- 
serves  lo  be  ranked  ammg  t^e  most  vsluahle  of  re- 
cent cuntribntions  to  the  raedieai  litemiure  of  this 
country. 'i(afdU»g*s  AbMtrmet,  Jan  ,  13lil. 


SLADE  (D.  DJ,   M.  D. 

DIPHTHERIA:  its  Natare  and  Treatment,  with  an  account  of  the  History  of 

its  Prevalence  in  various  oountries.     Second  and  revised  edition.     In  one  neat  royal  I2mo. 
volume,  extra  cloth.    $1  25.     {Now  Rtady,)' 


BLANCHAao   fe  LKA<S  MEDICAL 

SARQENT  (F.  W.I,  M.  O. 
ON  BANDAGING  AND  OTHER  OPERATIONS  OP  MINOR  SURQERT.  1 

New  edition,  wiih  an  addiiinnal  <.-liapt<!r  on  Miliiary  Sur^ry.     One  handMinie  royal  L3iii«.n 
ol  nearly  400  ruges.  with  184  wood  cuts.     £iirB  cimta,  11  75. 

Tbr  value  DflhiB  work  sua  handy  and  conventeol  rnUDil  for  turgeoos  engaged  in  •cii*edMr,lai    I 
"'-■--'-'--         -       plete  for  Ihow  purpwes  by  itie  addirfoo  of  acl^pK    ' 


on  gun-nlicl  waunds  and  olber  niBIlers  peculiar  lo  miliiary  euraery. 
(oh,  a  will  be  fuund  a  vary  cheap  and  conveDieDl  rade-meL-am  lur  m 
Iho  daily  eiigcnciM  of  military  aa  well  *»  civil  praelica. 


Vft  eoailder  thai  on  loner  book  coald  b*  pUeed       l^a  InaliiietioD  |ivai  apa  the  aab]MI  «rM» 

luable  >ag|»llaDi  br  lu  pariwl.    Iiwill     I 


c*DD,  whoH  edncatloB  iB  Uiia  raipeet  baa  bm  beea  nuilcttlr  ptnpiiMa  M  laatraal  t 

ttiltettO.  We  BtoMeantiallycaiBmeaillUaTolBne  cine, and  ibc tvbbrbt pbTaioiani 

BionEWtitehthcDHdleal  iIudeBt  abuBld  moitelnn'  cipcrieBeed  phjiiciBai  will  n*- 

ly  Miidir,  lo  peirecl  hllDicir  in  theis  minor  iBrfieBl  lailjr  valuable  >ag|eallaDi  br 

opcratinni  in  which  neaUm  aid  deiirrltrateto  bFroBBdoaeoriAeniDilBalimtiui 

»B<.'h  TT(|Blr(d,BBdaB  whIcbaKrHtporilonofhia  rcrencaia  [he  tsM,  nrhaipilal  tbI 

ripatationasa  ralare  nrgeDn  maat  iTlduIlT  rial  ouibly  adapied  to  the  wania  of  atilltarr  aarnniL    I 

And  lo  the  iutgton  id  pnelice  il  Dinit  prove  itiolf  and  at  Uie  ame  tlmr  equally  naefill  tot  rmit  ■<■ 

a  billable  TuluiBB,  11  Inilructiro  on  many  painti  eoDTcnlenl   refertnco  by  lurgwim  Bretyrtmn— 

wbieb  hr  may  huso  rorgolitn.— £niit*  Amtrtim  Btffalu  MH.  aad  Bu't,  Jannal,  June,  KM. 

SMITH  IW.  TYLER),  M.  O., 

PhyiiriiiaAtrouelienrlDSt.Mary'iRoiritnl, 

ON   PARTURITION,   AND   THE   PRINCIPLES   AND   PRACTICB^i 

OBSTKTRlCa.     Inoneroyalianio-volume.ewwdolh.  oHOOpagea.     "      " 

A  PRAOTICAI.  TREATISE "n'th'e  PATHOLOGY  AND  TREATMENT 

OF  LEUCORKHtEA      Wilh  nunieroua  illu«r»tion».    I»  one  very  handaome  octavo  toIuim, 
«Ilrariolh,nl  about  2^0  pe^a.     «^  UO 

TANNER  IT.   H.l,   M.  D., 
A  MANUAL  OF  CLINICAL  MEDICINE  AND  PHYSICAL  DIAGNOSIS- 

To  wh>i-h    is  addtd  The  Code  of  EthiL-n   of  [he  Ameni-an    Medirnl  Asboimbiiod.     8c«b4 
AmerieaD  Edition.    In  one  neal  volume,  «iniitl  I2iito  ,  extra  eloih.     tl  29. 

TAYLOR  (A'LFRED  S.I,  M.  D.,  F.  R.  S., 

Lecturer  on  MediealJuiiipiudeiice  and  Chemiiliy  in  Ouy'i  HiKpltal. 

MEDICAL  JURISPRUDENCE.    Fifth  American,  from  the  Mventh  improT«d 

nnr)  enlarged  London  edillon,     Wiib  Notes  and  Referencee  la  Aoiericaa  Uarision*.  by  Ciiwau 
HABTBHoani,  M.  D.   In  one  iBrReSvo.  volume,  eiira  cloih,  of  over  TUfl  pages.      «3  75. 
Thip  flnntJaTd  wotIi  having  had  the  advent  age  of  two  revisions  al  the  band*  ol'ibe  author  tinc« 
Ihe  ahpearaneeoflhe  laM  American  edition,  will  be  found  Ihoruiighty  revi^rd  sind  bniiigbi  up<vtt- 

can  Bi  ail  limea  refer  in  cai«s  of  doubt  or  dilBculty. 

No  work  upon  the  BBhleei  saa  bepai  law.  the  ■  Aaierkan  and  Dritith  IcKnt  medltiBe.  It  UKnM  M 
will  BBiaxe  then  iDore  doaalT  or  pruBUhly  i  aad  i,  one  ol  gnu  aad  inerrf.iM"m^?u^'i'^J 
none  COB  111  be  cillered  to  thsliDiy  praeiitioner  ot  poblicsi  well  ai  to  thaproTunoB.— Si  LtniMii 
either  ealKns,  for  the  purpw  of  naaal  Or  huiy  |  aail  Surg.  Jtuml. 

.- r  Iheableal  esnni  c«  thcaa^Krc 

if  inedleaJ  tBrupradenea.    II  iacertaiBlynDtUlkt 

t.- ,Ii  j-i  rfc..  -iILjinri.  .n™ri.>,-tn..wi.in.  ih.i    'Wfe*  faBU  kavc  beet  iBMitad,  is'ladiu  uit 

It  la  atoneeciimprehenaiue  and  eminently  prae-  I  igb]E<fti  never  befnre  pBhllihei] C^laMm^l^ 

lies], and  byunivetial  cunaent  ilanuialUsbeaduf /suraaf  aad  JtnWw,  —  »—■ 

ON  POISONS,  IN  RELATION  TO  MEDICAL  JURISPRUDENCR  AW) 

MlfDlCtNE.    Second  American,  Irom  a  necund  and  revised  London  edition       In  aat  ittf 

oclBVo  volume,  ol  7SS  pagea.  extra  cloth.    14  50.  ^ 

Mr.  Taylor'apmilioD  ■•  (be  teodinKinedicaljurial  of  England,  has  conferred  on  hin 

Dary  advanlBfea  in  acquiring  experience  on  these  aDbjectt,  nearly  all  ciueii  of  tnonw 

__.        ■  .„  u._  f  _„    ..,  ...  _L..-  .    .  nermlly  BCCT-tMod 

-    carefully  wcig 


CHEMISTRY.    In  one  volume  bvo.    tseo  "BaAKn)^"  p,  6. 


AND   SCIENTIFIC   PUBLICATIONS.  SO 

TODD  (ROBERT  BENTLEY),  M.  O.,  F.  R.  8.| 

ProfeMor  of  Phytiolofy  in  King*i  College,  Loodos;  and 

WILLIAM  BOWMAN,  F.  R.  8., 
J>enKmftrator  of  Anatomy  in  King's  College,  London. 

THE  PHYSIOLOGICAL  ANATOMY  AND  PHYSIOLOGY  OF  MAN.    With 

about  three  hundred  large  and  beautiful  illustrationt  on  wood.    Complete  in  one  large  ootayo 
▼olume,  of  9S0  pages,  extra  cloth.    Price  $4  75. 

I  tit  more  coneiie  than  Carpenter's  Principles,  and  A  magnificent  eontribotion  to  British  medieine, 

more  modern  than  the  accessible  edition  of  MQlier's  and  the  American  physician  who  shall  fail  to  perase 

Elements;  its  details  are  brief^  but  suificieKt;  its  it,  wih  have  failed  to  read  one  of  the  most  instrnc- 

descripi  tons  vivid;  its  illastrations  exact  and  copi-  tive  books  of  the  nineteenth  centary. — N.  O.  M»d, 

ons;   and  ita  langnage  terse  and  perspieuons.—  %nd  Snrg.  Journal. 
Charhtton  Med.  Joumml. 


TODD  (R.  B.)    M.  D.,  F.  R.  S.,  &e. 

CLINICAL  LECTURES  ON  CERTAIN  DISEASES  OP  THE  URINARY 

ORGANS  AND  ON  DROPSIES.    In  one  octavo  ▼olume,284  pages,  extra  cloth.    $2  50, 

BT  THV  SAME  AtTTHOR.  ^ 

CLINICAL  LECTURES  ON  CERTAIN  ACUTE  DISEASES.     In  one  ueat 

octavo  volume,,  of  320  pages,  extra  cloth.    $2  SO. 

TOYNBEE  (JOSEPH),  F.  R.  8.. 

Anral  Sargeon  to,  and  Lieetnrer  on  Snrgery  at,  8t.  Mary's  Hospital. 

A  PRACnCAL  TREATISE  ON  DISEASES  OF  THE  EAR;  their  Diag- 

not>ii«.  Pathology,  and  Treatment.    Illustraied  with  one  hundred  engravings  on  wood.    In  one 

very  handsome  octavo  volume,  extra  cloth,  $4  00. 

The  work  is  a  model  of  its  kind,  and  every  page    '* 
and  paragraph  ot  it  are  worthy  of  the  most  thorouch 
study.    Constdered  all  in  all — as  an  original  work, 


well  written,  philosophically  elaborated,  and  h«ppi< 
ly  illustrated  with  cases  and  drawings— it  is  by  far 
tne  ablest  monograph  that  has  ever  appeared  on  the 
anatomy  and  diseases  of  the  ear.  and  one  of  the  most 
valnahle  contributions  totheartand  science  of  snr- 
gery in  the  nineteenth  century.— iV.  Amer.  MidicQ- 
Cktrmrg   RtvifWy  Sept.  1800, 

We  are  speaking  within  the  limits  of  modest  ac- 
knowlrdgment,  and  with  a  sincere  and  nnbiassed 
Jadament,  when  we  afirm  that  as  a  treatise  on  Aural 


Surgery,  it  is  without  a  rivsl  In  oar  language  or  any 
other.— CAar/«sfo«  Med.  Jssm.  and  tUt.y  Sept.  1860. 

The  work  of  Mr.  Toynbec  is  undoubtedly,  apon 
the  whole,  the  most  valuable  produciion  of  tne  kind 
in  aa^  langaage.  The  author  has  long  Decn  known 
by  his  namenius  monographs  upon  subjects  con- 
nected with  diseases  of  uie  ear,  and  is  now  reaarded 
as  the  bighest  authority  on  most  points  in  nisde- 

Krtment  of  science.    Mr.  Toynbee's  work,  as  we 
ve  already  said,  is  undoubtedly  the  most  reliable 
f[nide  for  the  study  of  the  diseases  of  the  car  in  any 
aaguage.and  should  be  in  the  library  of  every  phy- 
sician.- Ckie9g0  Med.  /aamo/,  Jaly,  IMU. 


WILLIAMS  (C.  J.  B.),   M.D.,   F.  R.  8., 

Professor  of  Clinical  Medieine  in  University  College,  London,  4ke. 

PRINCIPLES  OF  MEDICINE.    An  ElemoDtaiy  View  of  the  Causes,  Nature, 

Treatment,  Diagnosis,  and  ProgniNiiti  of  Disease;  with  briel  remarks  on  Hyp:ienica,  or  the  pre- 
servation of  health.  A  new  American,  from  the  third  and  revised  London  edition,  in  one  octave 
volume,  extra  cloth,  ol  about  500  pages.     S3  50.    {Now  Remdy.) 

WHAT   TO  OBSERVE 

AT    THE   BEDSIDE    AND    AFTER   DEATH,   IN    MEDICAL   CASES. 

Published  under  theauthority  of  the  London  Society  for  Medical  Observation.    A  new  American, 

from  the  second  and  revised  Londob  edition.    In  one  very  handsome  volume,  royal  l3mo.,  extra 

cloth.    $1  00. 

To  the  observer  who  prefers  acenraey  to  blnndera  I     One  of  the  finest  aids  to  a  yonng  practitioner  we 
and  precision  to  carelessness,  this  little  book  Is  in-  I  have  erer  seen. —Pm<iM«i«r/a«fma<o/Jirstf<eiiM. 
valuable.— iV.  H.  J9wmeU  ef  MedUim:  I 

WALSHE  (W.  H.).  M.  D., 
Professor  of  the  Principles  and  Pr^tiee  of  Medicine  in  University  College,  London,  ^e. 

A  PRACTICAL  TREATISE  ON  DI:JEASEd  OF  THE  LUNGS;  including 

the  Principles  of  Physical  Diagnosis.  Third  American,  from  the  third  revised  and  much  en- 
larged London  edition.    In  one  vol.  octavo,  of  468  pag«:s  extra  cloth     $3  00. 

The  present  edition  has  been  carefully  revised  and  much  enlarged,  and  may  be  said  in  the  main 
to  be  rewritten.  Descriptions  of  several  diseases,  previou!«ly  omitted,  are  now  introduced ;  an 
eflbrt  has  been  made  to  bring  the  description  of  anatomical  characters  to  the  level  of  the  wants  of 
the  practical  phystician ;  and  the  diagnosis  and  prognosis  ol  each  complaint  are  more  completely 
considered.  The  sections  on  Trkatmknt  and  the  Appendix  have,  especially,  been  largely  ex- 
tended.— Author^s  Prefa€€. 

BT  THE  8AMS  AUTHOR. 

A  PRACTICAL  TREATISE  ON  THE  DISEASES  OF  THE  HEART  AND 

GREAT  VESSELS,  including  the  Principles  of  Physical  Diagnosis.  Third  American,  from  the 
third  revised  and  much  enlarged  London  ediuon.  In  one  handsome  octavo  volume  o\'  420  pages, 
extra  cloth.    SJ  00. 

The  present  edition  has  been  carefully  revised ;  much  new  matter  has  been  added,  and  the  entire 
i#ork  in  a  measure  remodelled.  Numerous  facts  and  dii«ca'»sions,  more  or  less  compleiely  iiovel> 
will  be  found  in  the  de?<cription  of  tie  principle?*  of  physical  diagnosis;  but  the  chief  additions  have 
been  made  in  the  practical  portions  of  the  bi>ok.  Sseveral  affect  ions,  of  which  little  or  no  account 
had  been  given  in  the  previous  editions,  are  now  treated  of  in  detail. — AutMor^t  Pr«/ae$ 


BLANCHARU  te   LEA'S  MEDICAL 
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Delivered  »l   Km;'!'  C»llr-n:>  Luudon.     A  Dfw  Anicfx- 
Eniilirb  ediliuo,  wiita  Addilimi-,  by  0.  P ha hc ts  Condi s 
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WILSON   (ERASMUS),   F.  R.  S. 
ON  DISEASES  OF  THE  SKIN.    Fifth  American,  from  the  Fifth  enlarged 

London  edition.    In  one  hand»oni«  octavo  Yoinme,  of  nearly  700  large  pages,  with  illustraliona 
on  wood,  extra  cloth     S4  dO.    (Nouf  Rtfody^  May,  1863.) 

Thi»  cla89ical  work,  which  for  twenty  years  has  occupied  the  position  of  the  leading  authority 
in  the  English  language  on  its  important  subject,  has  ju:»t  received  a  thorough  revision  at  the  hands 
of  the  author,  and  is  now  pre«>ented  as  embodying  the  results  of  the  latest  investigations  and  expe- 
rience on  all  matters  connected  with  di8eai>es  oi  the  skin.  The  increase  in  the  size  of  the  work 
•hows  the  industry  of  the  author,  and  his  determination  that  it  shall  maintain  the  position  which  it 
has  acquired  as  thoroughly  on  a  level  with  the  most  advanced  condition  of  medical  science. 

A  iew  notices  of  the  last  edition  are  appended. 


The  writings  of  Wiiaon,  apondiie&sesof  the  skin, 
are  by  far  the  most  BCientific  and  practical  that 
have  ever  been  presented  to  the  medical  world  un 
this  subject.  The  presenteditlnnisa great  improve- 
ment un  all  its  predecessors.  To  dwell  npon  all  the 
great  merits  and  hirh  claims  of  the  work  before  ns, 
Btriatim.^  would  indeed  be  an  agreeable  service ;  it 
would  be  a  mental  homage  which  we  could  freely 
offer,  but  we  should  thus  occupy  an  undue  amount 
of  space  in  this  Journal.  We  will,  howtver.  look 
at  some  of  the  more  salient  points  with  which  it 
a)M>unds,and  which  make  itineomparaoty  superior  to 
all  other  treatises  on  the  subject  or  dermatology.  No 
mere  speculative  views  are  alU»wed  a  place  in  this 
volume,  which,  withouta  doubt  will, for  a  very  long 
period,  be  acknowledged  as  the  chief  standard  work 
on  dermatology.  The  principles  oi  an  enlightened 
and  rRti(»nal  tnerapeia  are  introduced  on  every  ap* 
propriate  occasion.— ilm.  Jour.  M*d  Set«»c«. 

When  the  first  edition  of  this  wt»rk  appeared 
abi>ui  fourteen  years  ago,  Mr  Erasmus  Wilscm  haa 
alreMdy  given  some  years  to  the  study  of  Diseases 
uf  the  Skin^  and  he  then  expressed  his  intention  of 
devoting  his  future  life  to  the  elueidntion  of  this 
branch  of  Medical  Science  In  the  present  edition 
JMr.  Wilson  prevents  us  with  the  results  of  his  ma- 
tured eX|>erience,  and  we  have  now  before  us  not 
merely  a  reprint  of  his  former  pDbii«*ations,  but  an 
entirely  new  and  rewritten  volume.  Thus,  the  whole 
history  OI  the  diseases  affecting  the  skin,  whether 
they  orif  inute  in  that  structure  or  are  the  mere  mani- 
feftations  of  derangement  of  internal  organs,  is 
brought  under  notice, and  the  book  indades  a  mass 
of  luformation  which  is  spread  over  a  great  part  of 
the  diimain  of  Medical  and  Surgical  Pathol*^ y.  We 
can  safely  recommend  it  to  the  profession  as  the 
best  wi>rk  on  the  subject  now  in  existence  in  the  En- 
glish language. — London  Med.  Tinus  ani  QaxttU 


No  matter  what  other  treatises  may  be  In  the  libra* 
ry  of  the  medical  attendant,  he  needs  the  clear  and 
gaggeiitive  counsels  of  WilHon,  who  is  thoroughly 
posted  up  on  all  subjects  connected  with  cutaneous 
pathology.  We  have,  it  is  very  true,  other  valuable 
works  on  the  maladies  that  invade  the  skin;  but, 
eompared  with  the  volume  under  consideration,  they 
are  certainly  to  be  regarded  as  inferior  lights  in  guid- 
ing  the  judgment  of  the  medical  man. — Boston  Med. 
and  Surg.  Journal^  Oct.  18^7. 

The  author  adopts  a  simple  and  entertaining  style. 
He  strives  to  elear  away  the  complications  of  hli 
subject,  and  has  thus  produced  a  book  HUed  with  a 
vast  amount  of  information,  in  a  form  so  agreeable 
as  to  make  it  pleaHant reading,  even  to  the  uninitiated. 
More  especially  does  it  deserve  onr  praise  because  of 
its  beautiful  and  complete  atlas,  which  the  American 
publishers  have  snocessfuUy  imitated  from  the  origi- 
nal plates.  We  pronounce  them  by  fkr  the  best  imi* 
tattons  of  nature  yet  published  in  our  eonniry.  With 
the  text-book  and  atlas  at  hand,  the  diagnosis  is  ren- 
dered easy  and  accurate,  and  the  practitioner  feela 
himself  safe  in  his  treatment.  We  will  add  that  this 
work,  filthongh  it  must  have  been  verv  expensive  to 
the  pulTlisbers,  is  not  high  priced.  There  is  no  rea- 
son, then,  to  prevent  every  physician  from  obtaining 
a  work  of  such  importance,  and  one  which  will  save 
him  both  labor  and  perplexity.— Fa.  Med.  Journal. 

As  a  practical  guide  to  the  classification,  diagnosis, 
and  treatment  of  the  diseases  of  the  skin,  the  book  is 
complete.  We  know  nothing,  considered  in  this  as- 
pect, better  in  our  language ;  it  is  a  safe  authority  on 
all  the  ordinary  matters  which,  in  this  range  of  dis- 
ease*, engage  the  practitioner's  attention,  and  pos- 
sesses the  high  qnalitv  —  unknown,  we  believe,  to 
every  older  manual,  of  being  on  a  level  with  scienoe's 
high-water  mark ;  a  sound  book  of  practice. — L<mdon 
Med.  Timet. 


▲L80,  NOW  BBAOY, 

A  SERIES  OF  PLATES  ILLUSTRATING  WILSON  ON  DISEASES  OF 

THE  SKIN;  consistingof  twenty  beautifully  executed  plates,  of  which  thirteen  are  exquisitely 
colored,  presenting  the  Normal  Anatomy  and  Pathology  of  the  Skin,  and  containing  accurate  re- 
preseutation^t  of  about  one  hundred  varieties  o(  disease,  most  of  them  the  size  of  nature.  Price 
in  cloth.     $5  do. 

In  beautv  of  drawing  and  accuracy  and  finish  of  coloring  these  plates  will  be  found  equal  to 
anything  of  the  kind  as  yet  issued  in  this  country.  The  value  of  the  new  editioD  is  enhanced  by 
an  additional  colored  plate. 


The  plates  by  which  this  edition  is  accompanied 
leave  nothing  to  be  desired,  so  far  as  exeelleaee  oi 
delineati<m  sad  perfeet  accuracy  of  illustration  are 
eoncemed.— ilf«4ieo-CAtr«r/r«eai  Hevie¥i. 

Of  these  plates  it  is  impossible  to  speak  too  highly 
The  representations  of  the  various  forms  of  cutaae- 
oas  disease  are  singalarlyncenrate,  and  the  eolor* 
lag  exceeds  almost  anything  we  have  met  with.— 
British  and  Foreign  Medical  Review. 


We  hsve  already  expressed  our  high  appreciation 
of  Mr.  Wilson's  treatise  on  Diseases  of  the  dkia. 
The  plates  are  comprised  m  a  separate  volume, 
which  we  counsel  all  those  who  possess  the  text  to 
purchase.  It  is  a  beautiful  ipecimen  of  oftior  print- 
ing, and  the  representations  of  the  various  forms  of 
skm  disease  are  as  faithful  as  is  possible  in  plates 
of  the  size.— Bsifoa  Med. ami  Surg.  Journal.  Aotil 
8,1868. 


Also,  the  TEXT  and  PLATES  done  up  in  one  bands  >me  volume,  extra  cloth,  price  $9  SO. 

BT  THE  SAME  AUTHOR. 

THE    DISSECTOR'S  MANUAL;  or,  Practical  and  Surrical  Anatomy.     Third 

Americuu,  from  the  laztt  revised  and  enlarged  Engii»h  edition.  Modihed  and  rearranged,  by 
WjLxiAM  Hunt,  M.  D.,  Demonstrator  of  Anatomy  in  the  University  ul  Penn^ylvttnia.  In  one 
tarce  and  haodsoma  royal  I2mo.  volume,  extra  cloth,  of  582  pages,  with  154 illustrations     S2  00. 

BT  THE  8AMB  AUTHOB. 

HEALTHY  SKIN;  A  Popular  Treatise  on  the  Skin  find  Hair,  their  Preserva- 
tion and  Management.  Second  American,  from  the  fourth  London  edition.  One  neat  volume, 
royal  12mo.,  extra  cloth,  of  about  300  pages,  with  numerous  iiluairatioas.    $1  00. 
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